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INFORMATION PRODUCTS "RESULTING FROM SATELLITE STUDIES AT
THE INSTITQTE FOR TELECOMMUNIQ%TION SCIENCES

L . “ Evelyn M. Gray* :

s 3

L
-

-} .- . . 4 .
This bibliography describes the satellite - < o
work -done by the Institute for rT‘e.‘tecomuun:.-— .
.cation.Sciences, Office of Telecommunications,
U.S. Department of Commerce, from 1958 through
1976. Vorks cited are grouped into categories
of propagatlon, antennas, modulation or signal
design, electromagnetic interference and fre--
quency sharing, system de51gn and assessment,
and noise. An author index is inclucded. | -

4
/ Ty

' ' - !
l. INTRODUCTION

,‘

/I 1 Purpose . ‘ :

Ld
.- - ), -

- ThlS blblaograpby is designed to descrlbe sthe scope, the ,
time sparn, the cerpth, the ‘variety, and the relevance of the sat-
ellite werk dohe by the Institute for Telecommunication Sc1ences
.(ITs), Cffige of melecommunications, U. S. .,Department of -
Conmerce, Eou’ﬁer, Cclorado,. from 1958 through 1976. ‘

3
N

1 2 qelectlon of MaterLal e
> - 204
" One of the ,deciding factors for selecting papers was the
goal cf presenting €cr the reader ajclear 1dea of what capa--
bilities currentfy exist within the Instltute for relecommunlca—
tion Sciences. For that reason,ithe follow1ng categor;es are

inclucded: | 4;\} . ’ _
- 1. Work done‘by ITS staff and publlshed in OT reports,
‘ oT technlcal memorandam-and CT speCIal publlcatlonsm 4 :

-2. Vork done by ITg,staff and publlsheé“ln trade‘journals,
- - technical Jjournals, non—perlodlcal publlcatlons, series,
books, etc.." _ L

]
J

3. ‘Work done by ITS staff and pﬁbllshed by other ag

cies of
- ‘government te.g., Department of‘_xansportatlon by ports)
S, ‘ $ < K
e - ITS COPtrlbutlonS to CCIR satellrte séﬁales are
. ~—nentloned (1n a summary fashlon) ) ‘ . >,
& -

*The author is wzth the Institute for r'1e1ecom:\:u:Ln:Lcat:.ovw. °c1ence;~“\
Office of Telecommunlcatlons, Boulder,.CQlorado 80302. T
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s ITS work which is only indirectiy" related to satellite studies
_has keen included in this “bikliography ¥f that work represents in

“TTS 2 continuing capablllty 1n some hase of satelllteﬁrelated
vork.’ . - .
. ' ’ e

: Some kinds of satellite work done at Bonl@eeraboratorles'
‘have been excluded. Cenerally, the reasons ﬂor exc1u51on are
related to a) agency reorganization, b) cla551f1catlon, or

o) avaalablllty, as is detailed below. , .

. v . .
i . v

1.2.1 Agency Reorganlzatlon}( ' - }
The Central Fadio Propagation Lakoratory (CRPL) was organ-
ized within the MNational Bureau .0f Standards. (NES) in 1946. |
. The later nove of CRPL from Washington, D.C., to Boulder, Colo-
rado, was initiated irn 195]. In 1965, when the Environmental
Scierce Servicés Adminis¥ratidn "(ESSA) was formed, the CRRL was
transferred from MBS to ESSA, and tbe name wasrchanged to\the
Institute for Teleoommunlcatlon Sc1ences and Aeronomy (ITSA) . - /
Curing the ensulng five years, further dividing of the agency ¥
. was dene, and in 1970, -three 61v151ons which made up the-Insti-.
tute, for rrelecommunlcatlon cc1ences (ITS) were transferred to the
newly formed Office” of Telecommunications (OT} of ther S. Depart-
rent of Commerce. The OT/ITS now shares the Boulder-Laboratorles
'+ site with elements.of NBS and. the National Oceanic ahd'
Etmospheric Administration (NOAZ). This blbllography 1ncludes
enly mater181 which is related to présent OT/ITS. capabilltles .
Theref ore,.worﬁ done in CRPL.or in ESSA-ITSA by divi%ions which
are no¥ in NBS or NOA2 is not included. For example, the top51de-
~

" scunder work for study of the 1onosphere is excluded. : / -
- s Ny

1. 2/” Ava 11ab111ty’ of- Documents Do ~ . ' A .
- 14
Classified dccuments are .excluded from the bl&llography ‘
31nce'they are not avalf;ble to the general public. .
N R 4 v . ) .
) Talks, dlscq551ons, tapes, and other such ephemeral items
are ggrerally omitted.. : . ) .

.
. ta
¢ - he «—

Some doguments Whlch are dszlcth to ‘cbtain are cited. -
- For instance, OT rr'echnlcai Memoranda, ¥BS Reports, and ESSA
‘Meroranda are generally of limited awailability when- fizst .
printe and often\out gf print shortly thereafter. Those -
.publlcat ns in these cdtegories which have been deposited
in the National. Technical Information Services (NTIS) may still"
be- obtarned by writing to NTIS. Accessian numbers are shown
for some ‘of these items. ’ : ' . . :

©

e ~ =
2« . L. ’ Lo,
. - . L .
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. ‘ 1.3 Sources : e

SV e et el e s i asiaes mmaah i mm o am mele s e

Sources for this list of information products were:

1. 'ITS Publications Abstracts , .
2. NBS lists of Technical Reports Y ) .

. 3. MNBS ligts of. ”echnlcal Notes ,
, 4 ’;ggg%gzglon Products of OT 1970~75 (OT Special BN

- Pub tion 75-~4)} v ]
. '5. Boulder<Library indices (author, subject, and °
key-words) . . _

6. NBS Special Publlcatlons Nos. 240, 305, 305-1,
305- -2, and 305-3 )
7. blscu551ons w1th ITS authors.

1.4 Orgahizatioﬁ of Bibliography\ ‘5 _ ()
The references contained in this blbllography are listed

first in alphabetical order by author. This listing incllides
author (s) name(s), date cf publication, title, medium of ubli-

cation, page numbers, and an abstract of the work cited. ksL
by the same author are listed in reverse chronologlcal order. :
All entries are consecutlvely numbered. ‘ - J

The seccnd part of the(blbllograpby lists the same papers,
groupred by’ subject according to the categories listed below.
Only authors names, dates, tl:les and sources are shown in thls

porticn of'the bikliogragphy.

. "bé\thlrd portion of this blbllocraphy is an alpbabetlcal
avthor index showing all papers in the blbllogﬁaphy to which
each -autlor has contributed. ) i

&

The categories’ chosen to illustrate satellite work at
ITS are as fcllows. - 3

1. Propagation _ % oo
a. Ionosuberlc{§01rtlllatlon 5.0 s T
E. Absorption - : .7
c.. Precipitation attenuatlon : o

2. Antennas. - - ' v {

3. Mocdulation - -and/or 51gna1 design -
a. Analog v

b. Digital ’
4. Electromagnetic 1nterference and frequency sharlng

5. vstem design : . .. .
6. ﬁ01se. ' . .
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2.1 HighlightS'of'ImS Satellite ﬁbrk

. When what is now ITS was part of CRPL, CRPL had prlmary
respon31b111ty within the Federal Government for research.in
the propagation of the radio waves through the atmosphere, angd-
cn -the basic physics of such phenomena. In four trocad areas;

~ the programs of the CRP1, had an 1mportant and close relationship

>

to current and- future space programs: , .

1>> tr;nsmission,propagation, and ¥eception of electro-
gnetic radiation to and from space vehicles for
' ommunication, navigation, and guidance; .

2. interaction of space vehicles with their environment:
3. use of space vehicles “as research instruments; and

4. characteristics of the various parts of the atmosphete.
¥ , Some of the most important of these programs included: .

. g s

1. obsegving e variations of wave polari ‘
ana1y21pg the refradtive effects of the 1onospher on raalo e
51gnals from earth atellltes, . '

2. studying the phase stabllltv of radlo ves propégsfed
over point-to-point paths and the effect of", atological "
. characteristics of the troposphere on radio propagation, to ¢
determine the effects on the accuracy of guldance systems;

3. maklnc dlrectlonal sc1nt111atlon and refractlon

Y.

studles of the ionosphere to determine thé navigational accuracy

of radio signals for guidagce of‘vehlcles An and beyond the
upper atmosphere,, §\~ . :

-’ -
-

4. 1 yestlgatlng the physics’ of/the upper atnosphere,

- inecluding ‘he dynamics of the ionosphere, airglow emission,
thermal ss;ucture, electror densities, and VELF emissions; -

5. studying the effects of solar activity on radio’ noise,
the earth's magnetlc flelc, and the state of ionization of the
1onosphere. ' S




When CRPL was dlsbanded, ITSA continued to phrsue the

_long-standing interests in satellite programs.. uLch 1nte*cstsA-»H~

have resulted in publlc tions in the following areas:
/
Interference
Rain+caused interference,

' . Interference to Radio Astronomy,
Satellite/Satellite interference
Satéllite/Terrestrial interference ! .

. - Desired-to-undesired signal ratlos ' :

Propagation - - ~ ) ,

Propagation predi~=ions, ;
Propacation effe- .- - -
Aksorption, T . .
Atrospheric turbulence,vreffaction, and reflections.

. Frequency Sharing ( A : e

- Intérnational negotiations, ITU, CCIR, and WARC,
Stancarus work, spectrum utilization: eff1c1ency and
Reamwidth stuq1es, and 7
Sharing between- ‘satellite and terrestr1a1 systevs

- -
Antennas L ‘ - ~_
Antenna de ign, ?2

) Directivity measurements P o

i

~_. /’

Low-Noise Receiving -Systems
Signal-to-noise ratios

Terradfh Shielding - , - ‘ ]

Traéking Systems = . .
Ionospheric Studies. ™
Using satellite beacor. ‘rar5ﬁ1551on°
Ionospheric sc1nt11’at10r L : - .
N - .
Systen Performance Asgsessment - ' ’
Studies predicting interferercs le“els-for GOES. -~

o/

=Y This blbllography covers the satelllte work done at
what is now ITS during the years 1958 through 1978. Early CR?%
satellite studies are summarized in NBS Report 7268, "Space .
Telecommunications and the Central Radio Propagation Iaboratory,"

' by J. W. Hérbstreit (1962). Laterasatelllte work is repgrted
in E&sa Research Laboratories Spac€ Science ZActivities," by . J.E .-
Pope (19€68Y). Other early "information was oktained from MRS
Memorancéum Report DM-72~8, "Space Related Act1v1t1e° of the

- "Boulder Laboratories" (195f). :
v, - . 1 . .

e
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“MZ,ZM,CGIR”SatelliteMWork;““ITSMParticipatienmm“nmuftuu”wme
The present Director of CCIR gInternatlonal’Radﬁo Consul-
‘tative Committee), and the most recent past Directdr of "CCIR
are both former employees of the Boulder Ims Laboratories. Char-
acteristically, ITS staff have been active in CCIR committees for
many years. The Chairmanship of Study Group-6 (Ionospheric
Prcpagation) of the CCIR has always resided in ITS or its
predecessor organizations. Membershlp lists of CCIR study
groups 4, 5, and 6 (relatlng to satellite work) -illustrates ITS
involvement in the.international aspects of satellite problems.

As early as 1958, Study Group VI (U.S. Committee) drafted,
a proposed question for study: "Protection of frequencies
used by artificial earth satellites or other space vehicles
for communication and positionral okservation.” This question
was approved by the‘Ki\CCIR Executive committee in Doc. No. 166"
of March 14, 1958. _ - .

. In 1961 the o nlz studies made by that date of the technical
fea51b111ty of spectrum sharing between space and ground-based
services were nade by NBS/CRPL people. .

It is from‘these beglnplngs that the satellite work grew
at Boulder Labs. That work is reported in the pages which follow.
.‘“ ] . . y' v . [
: o 3. ‘A\QKN,OWLEDGI-IENTS‘ - Y
The author wishes to exﬁress appreciation to Mr. Paul
I. Wells of the Boulder Laboratories for his invaluable assis-
tance and .£encouragement throughout the work of compiling this
- bibliography. The. author is also -grateful for the suggestions
| and guidance, of Dr. Peter M&Manamon. Appreciation and thanks
" are extended to the librarians at the Boulder Laboratories .

for their technlcal assistance with -the llterature searches.
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Aaams, J EL, J;R"Turoshek, W.A. Risdick, and Jib . Muiray (1876,
Electromagnetrc-compatlblllty of the Department.of Deferise

~ Ground Mobile Forces-transportable earth termlnals with fﬁf
.- terrestrial systems within the 7.2-8. 4 GPZJspectrum, oT" ., -
' Peport 76 -9¢9 g . . . . )
wt,The purpose of - this report is to examlne the small trans- - -
‘portable earih terminal tised. the-Department of Defense s
, Ground Mcbile -Forces. . The, bas ic aspect of ‘this ana1y51s .
- *'is ‘toszstudy the electr net1¢-c0mpatlblllty of the small

earth terminal (SET) with the-t estirla m1crowave~system
‘that .share the '7.25 to-8.40 GHz bakd. This is done by pro-
ducing Reéstricted Area Maps (RAMs) for. four specific areas

"of ‘interest designated by the. U.S. Army for tralnlng. Cper- ,
ation of d@n SET within the restricted regions on the RAMS w111 -
result in interference to the. terrestrial systems. In’ addition
to“the compatibility analysis; the-applicability of the = =~
national ané 1nternat10nal radio. r&gulations as they currently %
apply, or are 1nterpreted to apply, to the SET are revmewed..

- Lastly, the impact of the SET on the utilization of the geo-

B statlonary orblt is. examlned.

N
<.

-
-

Aklma, H. (1976), Modulatlon studles for direct satelllte
communlcatlon of voice 51gnals, OT. Report 76— 108. -~ e
fA study has been made on modulatlon aspects of a | : ..
direct communication. ¢f a voice 31gnal-from a satellite
to individual ‘Homes for. purposes of natural-disaster war-
: ning. A réasonable voice quality regquired at the final
-~ destination has been determined, and reguired radio-
frequency: sxgnal power, at the receiver input- has keen
, estimated. Based on this result and ‘the available
+  UHE 31gnal power measurement result, the system margin

>

. in the pcwer budget has been discussed for certain sys- z
tem parameter valves. ' The systéem margin depenas on T

., ‘several- factors,_and the. results-of. thls -study should be g
! useful for such a discus31on. L . I , oo

SN . ,‘,,
,!Potentlal use.of‘an ealstlng hcme radio and: telev131on/ B
- receiver as a part of the system under con31derat10n T e
has been discussed. One result of this study-indicates -
that the poss;blllty of such a use is:very remote. ' - ‘
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3. Aklma, H. T1976), Sigral- to—n01se ratlbs 1n ‘a PCF/PSK system, .
o oT Report 76-%1. - ) . e , e S

- - N b
g - . hs LN L
'.-: - i - . B - ! , - .
) T < . . d
-

Output 51gna1 to—n01se raﬁios (SNR sY. 1n a pulse—code-modulatlon
.. phase Shlft—keglng (PCM/PSK) system are calcufated. Twc-phase,
-+ .. four-phése, and eight-phase PSK systems are considered. . The a.
¢ _ -calculated SNR at the demodulator cutput, is expressed as a )
. ~function of the intrinsic SNR (e.g., the ratio of 51cpal power ‘
. to noise power contained in the -base~-band bandwidth) a2t the
-demodulator 1npht and parametric in the number of quant1z1ng
levels "in PCM. 'The performance of the PCM/PSK system is .
) comoared with those of other typical systems “such as single-

51deband (SSB) and frequency-modulatioen (FN) systems . -
. . - ~N

A o

4. Akima, H. (1975), A blnary-noncoherent\frequency—sh1ft— ]

- " Keyiing; (NCFSK) multlple-message one-shd*t rradio ™~ - . S
transmission system that uses-a sync preamble, =
IEEE Trans. Comm. COM-23, No. 5, '501-509; May. :

LN

.

- A binary noncoherent.fregquency-shift-keying (NCFSK)
multlple—message one-shot radio transmission system
is discussed where the receiver has no prior knowledge
of the possible starting time of transmission. In -
this system each transmitted signal has a cormon
preamble for signal acqulsltlon and self-synchroniza- = .
tion purposes. System design procedures are described’ _ .
for-allowable  frequency of occurrence of false alarm s
- and probabilities of a miss and a message error .
' specified for the system. 1In addition, the probability
of premature respoﬁse (i.e., the probability ‘that the
recelver makes an affirmative decision on acquisition
of the. 51gral when the sync preamble is only partially.
received) is taken. into account. It is:shown that “
the selection of sync preamble cuvdes from randomly
) generated /binary sequences can be a highly attractive
approach. A 51mple, but "very meaningful,-criterion is
suggested for.aid in such’ a selection. The system ) .
.descriked here ,can be used . as a radio warning system
" .and also as-a- selectlve call or selective 1nterrogatlon
system. . . . L : o
~ ) i \ _ A . - ' - -
5. BAkima, EH. (1%64), Error rate in a multlplerfreGUency-
shift system-rand the output 51gnal/n01se ratio ih-a
frequency—modnlatlon and a pulse-code moaﬁlatlon/
- frequency-shift systen. Proc. IEE (London) lll,, .
ppr. 547~ 555. . - o - . :

in

e

Based on the assumptlon of a fading-free 51gna1 and an
additive whité Gaussian noise, the element and symbol
error rates in a multlple-frecuency—shlft (m.f.s.)
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ystem and the output,§1gnal/n01se ratlo in a frequency— .

nadulation (£.m.) and ﬁ,pulse—code‘modulatlon/freguency— .

~shift (p .C <M f.s.) system- are.evaluated, for wide fTanges !

of system parameters. . It is shown that the required

intrinsic signal/noise\ratioc for a given symbol error

rate in an m.f¢s~ system can be reduced by 1ngrea51ng the  —

?' Fr of frequencies. in the keylng. The possigéllty/of =
‘1mprov1ng £he threshold of an f:.m. System be: ‘6oTid that of ’

~a conventional one, by freguency-moduldting ‘the carrier

' with. sampled values and-demodulating the modulated wave . -

- with a band—alvxglné/aemodulaton,‘gs shown. A" “brief : T
dlscu551o§/pn/fhe threshold effects-in the fregquency- o
lock and phase-lock f.m. demodulators suggests that the

: _ threshold of these feedback demodulators- canncot be

_\\\ improved I beyond- that, of a band-dividing one. It is,

Cl shown that the, threshold in a p.c.m.f.s. system can be
reduced by 1ncrea51pg the base irr the codlng. The. -
comparison of a p.c.m. F.s. ‘system with a’ band- leldlng

f.m. system "shows the lnferlorlty of the former to the P
latter, in so- “far as the nlnlmun—power criterion: of system
comparison is concerned. o - L

- . " A

P

-

6 . Akima, H.A. (1963), The error rates in nultlple FSK o P
. systems.and the .signal- to-noise characterlstlcs of A v
FM and PCM-FS systems, NBS Tech Note 167, March.

-

The element and symbol error rates in multlple FSK- = .,
{(frequency-shift-keying) systems and the outputh SNR
{signal-to—noise. fvatio) in FM (frequency-modulation).
and PCM-FS, (pulse-code—modulatlon—frequency—shlft)
systems are evaluated for wide ranges of system .. _ .
parameters, assuming that the incoming signal and

ncise in the demodulaftor are a fading-free signal ‘and

arn additive white’Gaussjian noise, respectlvely._ It, .

is shown that the required intrinsic SNR for an aSSlgned

value of symbol/ error rate in multlple FSK svstems"

car. 'te reduced®by increasinc the number of Frequenc:.es

in the keying. The possibility of 1rprov1ng the- - B

thresbo1d of FM systems beyond ‘that ‘o conventional _ R

ores by’ rodulatlng the carrier with sampled values -

arnd democdulating the modulated wave with a band-

 dividing Qemodulator is shown. The value of theé -

- intrinsic SNR at the threshold ‘increases with the o
value. of modulation index in band-c1v1d1ng FM systems, o
and with_ the numker of quantizing levels in PCM-FS . . = ¢ ?
systems ‘when the. base in the& coding or the number of - .
&1g1ts for each samp’e is kept constant.- The
maximum output SNR in FCM-FS systens depernds only on
the number cf quantl"lrg levels and not on the,bese,
whereas the threshcld decreases.as the base increases. .
From the comparison cf the threshold in Bard-dividing =
‘FM systens with that  in PCM—FS systems it- is showr s

L}

Fom
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- 7%_Akide! H. (1963), Theoretlcal studies- on 51gnal—to-n01se'

. characteristics of an FM sSystem, IEEF Trans. Space 1.
£lectron1cs and Telemetry SEr 9, 101-108. -

ot the latter cannot -be’ lower thar the former but can
only appreach the former when the base' approaches thé .
‘number of- uantlzlgg levels. Brief discussions on the

. -thx eshold effects in frequency-iock and- phase-lock FM
i - dermoduidtors sug eii that .the threshold of these feed-

back'FM demodulato

cannot be improved beyond that of
a band-d1v1dlng one. ‘ ' - -

-

-~ -

s

- '*TEhe essentlal signal- torn01se characteristlcs of an

,

¢

8.'Akima,

/FM system are studied theoretically, assuming that
the transmitted wave is frequency-modulated by a B
discontinuous signal, which is made. DY sampling -from '
therorlglnal‘lnformatlon ‘signal-at every sampling™
point equally spaced by a Nyquist interval and byJ
boxcarring the sampled value overetge following .
interval. ' Studies are made with a simple model of an
FM demodulator of a new type,.which may be called +the
band-dividing FM demodulator. As a result of these
-studies a limit to the degree of improvement in the
‘threshold of an FM system is obtained. Whe~result)
obtained here again -suggests that it is possible to .
improve the threshold of the system beyond that of™
a so-called conventional FM demédulator. It is also
shown that the wvalwe of the intrinsic signal-to-noise
ratio (the ratio of the incoming signal power to the .
incoming noise power in the baseband bandwidth) at
-the threshold is not constant but increases with the
value of the nmodulation index. "Brief discussions on
the threshold effects .in the so-called phase-lock and
frequency-lock FM- demodulators are also’given. S

-7
H., and M. Nesenbergs (1973), Performance of a. . -
coherent communication .system with constant amplitude '

interference,'OT TM'73-123. (Limited availability')

Thé output 51gna1 to—no&se ratio is derlved and numerl-
cally evaluated for phase—shlft keylng (PSK). modems

in presence of n018§~gga continuous wave (CW)
interference. The correspondlng error probakility
performance 1s expressed in a form suitable for future
computation. ' . The CW c¢carrier is angle modulated: with

band-limited Gaussian noise. The results are appllceble_

.to Satellite, aero mocbile, instrument landing system,
ané other .-interferences that affect the proposed

J‘Collls1on Avoidance System (CAS) operatlon in the 1600 .
- MHz band. - -
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',9.-Ax,.é;G., and R.. ﬁ..qénnings (1972), EIectromagnetib combatibility

&.

of radar altimeters with proposed Waritime satellite and aero-
wnautical satellite systems, OT TM 101 (limiteqd hvailability{., ‘

"Prior to the.l97l-ITUvWorld-Administraéive Radio Conference
~_ .for Space Telecommunications (WARC-ST), the Aeronautical -
. (Radio-navigation band at L-bands extended from 1557.5-1637.5

S z. Operating nominallly within this band are”several models

i.of radar altimeters, tunable as well as fixed-tuned,. which
have only conditional (temporary).allocations$” There are, of.
®course, other -existing/planned systems which do/will operate

within. theiBand, i.e., the Collision Avoidance Systems (CAS)."
_and the Defense Navigation Satellite System (DNSS).

By action of . the 1971 WARC-ST the Aeronautical Radio-navigation
band was narrowed,slightly to 1558.5-1636.5 MHz, and alloca-
‘tions were proVvided on, either=side of this barnd to accommodate
the -Aeronautical Mobile (R)-and Maritime Mobile~Satellite com—
munication, surveillance, and navigation requirements (see -
Figure 2.1 for graphical depiction) for which-sySftems are now
being planned. and developed. L SO - ' - :

»
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20. Bean, B.R., and G.D. Thayer (1969), Reply to & letter By'Robegt

-

CERE T

H. Paul, IEEE Trans. Aerospace & Electron. Sys., March.. ~~ .

Apparent discrepancies between two .methods of estimating the’
direction angle error of radio "interferometers" are analyzed.
‘The analysis shows that. both yield correct results, but they
have mutually exclusive domains of applicability. Paul's re-
'sult is correct under conditions of short baselines. and target
positions where flat—-e€arth geometry is permissible; the author™s
previoug result is correct for conditions of curved-earth geo-
- metry and deep-space tracking where the incoming radio wave-
- front is nearly planar. A more general result is given here,
<« which is_valid. under either set of conditions. e ‘ o

B ) .?.__-._‘

~

l0a. Bean, BIR., and E.J. Dutton (1966), Radio Meteorology, NBS Mono> ™

graph 92. . | _ ) . .

This”volume brings together in book  form the work done in‘radio
metegrolégyupvér‘the,past:decade_at-théfNétion@l'Bureau of Stan-
dards"® -Céntral Radio Ptropagation Laboratory, and 3dds results
Obtained: in other laboratories both :in the United States and
abroad., .Specifically, the book deals with the refraction of -
.radio waves and the refractive index structurdl of the lower
atmosphere on both synoptic and climatic scales. - :

I 4 . - . B ~ .-. .
xThe=teXt7containsbchapters on the radio refractive index of air,
measu;ingfthe'radio.refractivg index, troposphféric refraction,

N climatology, synoptic radio metéorology, and\applications of
tropospheric refraction and-.refractive index models. Additional.

o] . . : - : . ! . ’
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chapters - qover Eranshorlzon radlo—meteorologlcal parameters and
the attenpation of radio waves by atmd&pherlc gases,‘clouds,

.‘ raln, hail .and fog. The. final chapter consists of 50 pages of
radlo—meteorologlcal qharts, graphs, tables, and sample computa<=
‘tions, invaluable aids for all radio and ¢ommunications engine-
ers, electrical engrneerlng students:. and teachers, and other '

‘. P N

users of -the book.- _ . I - X
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11. Bean, B.R., R.L. Abbott, and E.R. Westwater (1963), Design of
experiments for remote microwave Probing of the=atmosphere,

NBS Report 7682.'

The purpose of thlS report is to summar;ze progress to date

on,  studies of the feasibility of remotely probing the atmos--

phere at microwave frequencies to determine atmospheric pres-

sure and temperature structure. = This will 1nyolve first- sum-

s - marlzlng the work to date on atmospheric absorption of radio
waves and the thermal- noise ‘properties of the atmosphere.

- Analysis of computed: values of +hermal noise\ has lndlcated

promising experimental procedur s to be follo d ‘in actually
determining atmospherlc temperature and humldlty structure.

(A 1
>

.'12 .Bean, B.R., R. L Abbott, and E.R. Westwater (1962), Analys1s
’ - of 'thermal n01se temperature as a remote probe of atmospherlc
_structure——Phase II, NBS Report 7293. - -

_ This report is an analys1s of thermal emissions in the mlcro-
R wave region by atmospheric gaseous components. It contains
' an analysis of how thlS thermal noise energy may be used as
a probe for atmospherlc structure. It contains a discussion
‘'of the absorption of microwaves by O,-and-H, O vapor and- the
rellablllty of these values insofar gs they" affect thermal
.noise as a probe of atmospheric structure. Practical methods
_ of calculating the basic lntegrals are discussed. In an ap-
-t pendlx the ray tracing technlques used in ‘the calculations
" are given. As examples 6f “the. thermal noise. temperatures to
be expected, numerous profiles representlng -widely divergent ,
- types are calculated and graphs prepared showing the results. <
A discussion of these results. is g1ven along w1th the recom—‘ .
mendations for future work. _ - . . :
N - - Co- 4 9. : o -
" 13 Bean,_B. (ed.) (1960), CCIR CommiSS1on 3¢ Ionospherlc radlo prop—
- agation, Review.of U.S.A. activity in- the fields of lnterest
- of URSI Commission 3 during the trennium 1957- 1959: 4 - ~
Satellite beacon studles. J. Research NBS, Vol. 64D"Nov.—
Dec. 1960, P 630._M' : _ - -

’
N -

Section %% (Satefilte beacon studles) of. thls report

summarizes the literature in the field. Theories and: ap—- ‘ .
plications of Faraday rotatlon, 51gnal weakenlng, signal .= . ‘ﬁq
enhancements, and some unusual effects in ‘the propagation ° X
of satellite signals are mentloned 1n a brlef annotated

'blbllographv . : 2

.
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li. Ber an, R. R.,!P. LJ rce da M. J Mlles (1973), Adxances
) gm - ’%odel pgzdlcéfgns for ATS-F radio frequency *

- ] < .
Reflnements and 51mp11flcatlon of the ITS mathematlcal :
computer prediction model described by. Petrgman et al.
- (1e72), resulted.ln«better cuallty and %gggr cost prée- -
dictions for slgnal noise Yfevels:-and spectral power o
' flux densities expected from terrestrial 6 ‘GEz mi&ro- [
wave communlcatlon networks at- synchronous orbTt.

« " in computer f
N sinter¥erence experiment at 6 CHZ., OT Tech Memo 73 158 T .
- »-4(11m1ted avallablllty). . . . .? e

R

Input data for the computer procram are derived from
various gove:nment frequency management sources. New
predictions are presented for MNASA Advanced rpechnology
Satelllte, Series F (ATS-F), for all ‘assigned frequen-
cies between 5925 and 6425 MHz. ; These predlctlonS'_ f“
" appear on Hollerith data cards for computer use.’
Results are based on assigned terrestrial transmitter .
locaticens, power levels, antenna patterns, azimuths- o
and assumed signal. polarlzatlons._- 2 ‘
-.Slcnal noise level predlctlons wvere made wath a satelllte
antenha having a maximum ggln of 49 dr and a half-
power beamwidth of about .

"'  Work is presented showing the verification of assumptlons
relative to the accuracy of the idealized pencil beam
antenna model described by Rice et al. (1970), when
applled to the subject computer predlctlon process.~

-A«better unaerstandlng of the problems 1nfluenc1ng ~ D
‘predlctlons ‘was derived from studies involving 6 GHz =~ .
carrier bandwidth and expected location of these. carrier- -

) centers when compared to thelr fréquency - ass1gnments. : \\\\

l5._Bergman, R. R., P.)L \glce, and M. J., Miles (19,2), Math-

- ematical computer model and predictions for ATS~F

> radio interference experiment at 6 CPz, oT Tech Nemo.‘
107 (limited aVallablllty) . , . o
A mathematlcal model for calculatlng radio frequency
Finterference {REI) levels at synchronous orbit from'

. ‘common oarrler microwave systems ‘in the 5%825- to-642=

i - .+ MEz common carrier band is described. The input data

. for the resultlng computer program are derived from'

varlous government frequency nanagement sources. - The

expected- spectral power flux density levelsiat syn-

chronous orblt p051tlon for the NASA A anced_Technology_

S~
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;r - Satelllte, Ser;es F (ATq-F) are presented for separfte T
_ 4. ~20-MEz band segments and an’ evaluatlon of predicted . A«
.*. . _RFI intensity"versus system sensitivity is shown. :

‘gesults are kased on assigned éerrestrlgl transmltter,,
. - .locations, power levels, average antenna patterns, e
‘assigned ard random azimuths and assumed srgnal polar— p S
.~ nalzatlons.:' : : _ R : :
Maylmum and rninimum s;gnai 1nten51t1es gesultlng from .
adligning all.terrestrial ‘antennas (at 0~ elevation
angle) with ‘the great circle- path and positioned. towards )
-and away from the satellite were calculated for repre- .‘?
sentative cases. "Predictions for 51gnals expected from - /
sta 18ns negr the opt1ca1 horizon are orbital, "positions 7/
- of 40~ to 0~ west. longltude.. Signal intensity preée- o "
- . dictions were made with a satellite antenna having a '
-~ ¢ - maximum ga&n of 49 dB and having a half power beamwidth
of about 1 A number of calibration frequencies for v
satellite systems callbratlon were selected, based on
'-band occupancy. - “ o ;’
- , J? . " . T“ o 1 * N ’ o - ‘_ '.‘
186 . Brown, F W. (1958), Relatlve suitability of various frequency -
' bands for outer space communications, unpubllshed letter -
to Lt. Colonel. Earl J. Eollim&n, Signal Corps 'Chief, -
"- U.8. Army Radio Fregquency Engineering Office. (Unavailable.)

In general, it may be stated that the most suitable- R
freguencies for communication between the earth and
outer space within the direct optical line of s1ght
of~ the earth terminal, would be those which lie'in
the range above.the frequencies trapped by the iono-
sphere (greater than approximately 80 Mc) and those:
which are not greatly attenuated by absorptlon cdue to

4 the constituents of the atmosphere (e. g., oxygen and
water vapor attenuation bands).

-,

17 . Chadwick, R.R., and D:S. Irwin (1973),;Tec§rical and econémic
'  trade-offs for the geostatlonary orb1trcommun1catlons .
0 resource, oT Report 73 8. - :

°

o . ) . i
T : . ‘( .o ) .
. R - : . . : -~

e
Tbe effects -0f certain trade—offs in utlllzlﬁg the
-geostatlonary orbit communications- rescurce are dlscussed” St
This resource; sometimes called - the electrospace, has '
three 1mp tant dlnens1ons, tlﬁe, frequency and spatlal .

— 7
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S angle. rnhe communlcatlon.eapabl’l s or utility oktained
i, % froma-unit volume.cf the resource is of fundamental
o 1Fport ce since it i the_baszc efficiency with which

~ «, “tthe redosrce is Ltlllzed 2 This guantity -is termed the

g Tt v 111tVdden51ty “an@ has units+of bits per BEeértz per secoz=!€L

g
. . pexr degree. Pssumlng a white GaLsclan ckannel, an upper
g . 1imit®on the utlllty dexsity can be obtained. The special
~ * .. case where the nutual interferencé is large is. studied, and
numerical results for- the. general caSe’are preserited as

-7 plots ofzutllltyocer31ty vs. antenna dlameter cr ground 'fj'
.7 station cost.. These results are tFeﬂ used to obtain an.
5~ economicivalue whlch can be attacheg/to portions of the..

. resourceif Whéasumrary glves a Cco
. results. - -

ise.list of spec1;1c

i . s .
18, Cottony, H. V. (1972)/, Scaled model—reasurements on rf .
_sensor antennas for outer planet grand tour {(TOPS) . .
project, OT Tech Memo 86 (llmeted ava11ab111tV),*
- &
Launchlngs of four Thermoelectrlc Outer Plaret Qpace-
s craft (TOoPs) for outer space exploratlon are projected
7 by the National Aeronautics .and Space 2dministration for
1976, 1977 and 1979.° Among the planned experiments is
that for the detection and measurement cf rf radiation
‘by planets to be visited (Jupiter, Saturn, Uranus,
Neptune, and Pluto). Scaled-model measurements were
carried out on two—-types of sensor antennas suggestegd
for this experlment. X :
. Two l/lO,fulléscale models of spgcecraft were con-— S
- structed. Model No. l1-was eguipped with a pair of S
crossed dipoles consisting of four monopcle elemeg;s o
each one meter long. Model No. 2 used the four guad-
rants:. of the 42.7-cm reflegtor as the sensing antennas. = ¢
The nominal frequency band for the. full-séale space-
craft antennas is 0.1 to 20 MHz. The impedances and
- the radiation patterns on scaled-model’antennas were .
measured over the 3C to 300 MEz band. correspordlng to o

3 to 30 MEz full- scale. . _a

The senscr antennas on model No. I were fOLna to have
: a degree of electrical imbalance and some lobing at- the
'~. ~higher end of the frequency band.” The input impedance
of the gquadrant antennas of model No. 2 was found to have
- a -high veoltage-standingc-wave ratio. The use “of model” )
No. 1 with only one half of each of the crossed dlpoles ,
was ‘also trled as a p0351ble alternatlve. . - R

-

-
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19 . Crombie, D. {(ed.) (1976), Lowerlrg barrlers to telecommunl-
- - tions growth, oT qpec1al Publlcatlor 76-9. - -

3.

_21.-Dutton, B. J.,. E..T. Doucherty, and R. F. Nartlp, Jr. (1915),_

o>

20; Crow, E. L. (1%74), Confldence llﬁlts for dlgltal error rates,

This repdgrt ntains the flndlngs and recomme%datlors of
the Sciefice ard Technology Telecommunications Task .
Force- the ¥. S. Department of Commetrce. "he Task .

'Force was formed to, explore how barrlers fo the appllca—

tion of telecommunication technologv mlght be lowered
so that new domestlc products, and services would be-
com% more w1dely ‘and more rapidly avallable.

. g - ’ ) &
(F . ©One chapter ané .one. appendix of the report are
devoteduentlrely to direct satellite communlcatlons )

'

CT. Report 74-51. _ ) ;

P

Conflderce lzmlts for error rates (probabllltles of an .

erPor) of digital communication systems are cerived and

implemented under the assumptions that the error rate is
constant and the ‘trials are independent. Four types

of samples are considered: prescribed sample_size

(bincmial sampling), “prescribed number of errors (inverse
binomial sampling), both sample size ané number of errors
bounded (truncated binomial. sampllng), and truncated

. bincmial sampling with sample size also bounded below.-

Both exact confidence limits and good approximations
for them in the communications situation of very.small
error rates are presented. .Point as well as intefva®
estimates are Preserted. The planning of the experiment-
is discussed. c KL; - .

Prediction of European ‘Yainfall and link performance
coefficients at 8 to 3C GHEz, U. S. Army Communications

_COmmand Technical Report Ne. ACC-ACO—lG—?d

- The Rlce—Holmberg predlctlon model for surface rairn rate

distributions is extended to the whole of Furope, inclu-

“ding thelEuropean USSR. A data base from 242 European

stations 1is .used to determine the input parameters for
the rainfall prediction model, and rain rate predictiéns

_‘are presented for t-minute- perloes of an ~average year,

in each of - the lO European zones.

-

The geographlcal varlatlons in ralnfall-withiﬁ the

European zones are i%}ustrated by éontours of 1 min rain

PR . . < -.‘-' /\"‘/
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rates mapped’ on Europe ?or'l 0.1, and 03012 of an aver-
‘age vearx. . ‘modification of the preclctlon mocdel is
descrfbed o permit determination of \the temporal,
year-xo-vear,,varlatzon of rainfall in Eaorope. Estimates
©of this variation of rain rate for 1, C.l, and 0.01l% -
.of any vear are gi¥en from estimates of annuval precip-
fltatlor and its loéﬁ_term standard deviation.

- .
The mean terrestrlal -link performance coeff1c1ents, rain-
fall attenuation rate and rainfall" reflectivity, are pre-
dicted for the frequency- ‘range of 8 to 30 GHz for eacb
of the European ra:.nfal1 zones. :

N- o
.
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*. Dutton, E. J., ané BH. T. GDoughérty (1973), Mbdelingfthe
effects of-clouds and raln upon satellite-to-ground
yster perfo*mance, om Report 73-535, - .

D
Y]

-

) Aestate—of-the-ant engineering model is described for

" estimating the expected performance ¢egradation of
satellite-to-ground microwave systems because of atmo-
spheric gases, clouds, and rain. The model incor-
porates an zlilcwance for & vertlcaf structyre of’
atmospheric gases, clouds, and rain as weld as local
and regional rainfall statistics. The estimates are
in terms of attenuation and scintillaticn, as well
2s the volume reflectivity which contributes to co-
channel interference. 2 composite prediction is given
for 15 GEz, as representative of microwave signals, for
1.0, 0.1, anéd 0.01 percent of an aVerage vear. " This
pred1ct10p is a function.of leccation.anéd the angle-.
of-arrival at ground statlors on the central east
coast cf tbe U.e.

. .
) . » ¢ y
.22. Dutton, E. J. (l°7l), y-\ meteorologlcal model for use in the

study of rainfall effects: onAatmospberlc radio telecom-

I“uplcatlcrs, o™ qeport 2ﬂ

-The commonlv used.relatlons between radio scattering .
{or -attenuation) and rainfall are statistical relations
determined from rainfall rate at the ground versus.a __

'Scatter or attenuation factor observed at some average
keight, usually unknown, above the grcound. Thus these |
reiations should more properlv contain a height depen—l
égx:y by, 8etermining the rain dropsize distribution,
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-first at the surface, making use of surface rairfall ;
rates, and then aloft by considering the reteorclogical
influences changing ‘this dropsize ‘distribution with :
height. This prcduces ‘a model of dropslze distributicn
at the height of interest. ‘It should be emphasiged that
the modelling is primarily oriented toward solutlon of
-the telecommunication problems of tter and attenuation
rather than toward solution of & prdblem in clouéd and '
precipitation pby31cs. ) -

The first part of thls report . 1s devoted to flndlng drop—
size distribution barameters at’ the earth's surface. The
second and third parts are devoted to-methods .of ascer-
talnlpg the dropsize distribution in the.cloud itself

_ using an approach for analysis of data (radiosonde)

. tdken during a krown rainstorm and tben u51ng an approach

‘ that involves conly surface data.. .

\\ . .f' .

24, Einaudi, F., anéd R. R. Wait (1911), Analysis of the exci- -
' - tation of the earth-icnosphere waveguide bv a satellite-
borne antenna.  II. Can. Jg%%- of Phys. 49, No. 11, .
Pp. 1452-14€0. : T -

N . : . R .

The analytical expressiors for the fields- at the earth
surface due t0o a satellite-torne horizontal dipole are
derived fcr an idealized mocel in which the Earth's
magnetic fieléd is vertical and.the medium is divided
into plane, parallel slaks. Althougk nonlinear phenom-—
ena in the neighbecrhood ¢f the antenna are not analyzeq, .
the problem is circumvented by defining an eguivalent
infinitesimal dipole whose external fields are the

- same as those of the actual antenna. Finally, a nu-
merical example is given in which the fields of such a
horizontal dlpole'are compared with those of a vertical
dipole dperatlng in the same condltlons. -

25. FitzGerrell' R.C., and.L I.. Eaidle (1976), Two ways td*
’ 1plot sidelobe’ patterns, Mlcrowaves, JLly 1976, pp. 59 -60.

Two methods for analyzrng antenna sidelobe power-caln -
data are compared. Oneé i§ best .for EMC stucles, while~ =
the second is well suited for determining Frecuency o
sharing criteria. Thé oldest method of presenfing - -
‘* and calculating sidelobe power-gain characteristics, the

"probability plot, is most useful for EMC studies for
which antanna . pointing is arbitrary. The second method,
obtaified by plottlng power gain against the angle measured .,
from the aptenna 's electrical bore51gbt, is most use‘u] '
for determihing coordination procedures and ‘criteria’ fer

- frequency sharing among terrestrlal and satelllte corrmuni-—

catlon stations. o
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- 26. Gallawa, R. L. (1976), Current development in fiber

~

| wavegulde components (urpubllshed stuﬁy).x

" conventional cable communication techkniques in the

The - purpose of tbe stLay is™“to 1nvest1gate iﬁe pos-— .
» The purpose of the study is to 1nvestlgate

e pos-
sible use of fiber waveguides to reglace radio and

innerconnect facility (ICE) between the- technical ;
control facility and the sateillte earth terminal
in the Defense Satellite Communication Systems (DSCs] .

‘A kéy guestion, addressed in the report, is whether .

eomponerts are rezsdy' for deplovment in a fieldable
syster B < .

The stuoy cor51ders the componerts required to meet
various operaticnel telecommunlcatlons needs for

the 2rmy. Particular empha51s 1s on a fiber link
which could be incorpecrated@ in the DSCS/ICF. The
study includes discussions of. availability, relia-
bility, cost, and an analyeis of components available
off the shelf. It includes consideration of develop—
mental work and research keing conducted by ‘various

"military agenc1es.\ Componentsyare examined with re-

gard tc adaptability, malntenance, Jogistics -ané
design parareters required to provide reliable .
communications between the satellite earth. termlnal /

and the technical control facility.

r

27._Gierhart, G. D., and M. E. Johnson (1973), Computer pro:J
l \

‘e

from 0.1 to- 20 GHz. Power. density, station s

grams for air/ground propagation and interference an-
a1y51s (0,1 to 20 GHz), FAA Report # FAA-RD—73 103.

This report descrlbes three computer programﬁ for use
in predicting the service coverage asscciated with air/

ground radio systems operating in the frequerog band
epara-

tion anéd service volume programs are used«£o obtain

* computer—-generated microfilm plots. These:are: (1)

power density available &t a particuldr altitude
versus distance from a ground-based transmitting
facility; (2) the desired-to-undesired signal .ratio,

D/U, available at an isotropic receiving antenna versus
-~ "the distance separating desired and uvndesired facili-

" ties; ‘and (3) constant D/U contours in the altitude
"versus dlstance space between the desired and undesired

fac111t1es. A detailed dlSCLSSlOP cf the propagation

model 1nvolved and program llstlngc are 1ncluded in the

-append1c1es.
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28 Cierhart, G. D., and M. E. Jphnsonj(l972); UHF“Traﬁsmissioﬁ
.'loss estimates for GOES, OT Tech. Memo. 109 (limited avail,)

This réport‘Eescribes,a'computer method for predicting = -
o ! transmi-ssion Joss- over nominal line-cf-sight earth/ -
satellite telecommunication links, and prcvides predic- Y-
e tidns for the GOES satellite system. The method is ap- =
plicakle to radio freguencies from about 0.1 to € CEz . <
and includés allowances for (a) average tropospheric -
ray bending, (b)- horizon éffects, (c) antenna gains,
(@) long-term power fading, (e).. surface reflection mul-
' tipath, (£) tropospheric multipath, ané (g) icnospheric
' scintillations. Comparisons of predictions with ex— '

A perimental data are ihcluéﬁd, PRI

< ' 3
. .

29 Gierhart, G. D., R. W. Hubbard, and D. V. Glen. (1970), Electro-
space planning and engineering for the air traffic environ-
- ment, DoT Report, FAA-RD-70-71." o 5[ S . f

. . . ’ : . 1%' oL o

° ) . . . o i - ) B 3 j 5(4' c . .

Service limitations imposed upon VEE/UHEF/SEF radio cormuni=-
cation links by cochannel and adjacent-channel .interference .
is the primary subject, but limitations-imposed by inter- .
=74 . modulation and noise are also disciussed. Methods for :
. predictirng available desired-to-iindesired signal ratios
.{protection ratio) and determining t@e”reqqiredfprdthtion"
.ratioc are summarized. Appendices on frequency. sharing with
Tair traffic control satellite, modulation characteristicsy. "
o and systeh performance measurements are iacluded. -The L
. primary purpose of this report is to illustrate the apyfff o
cation to interference predictions for air traffic control ,
.systems of (a) the available desired-to-undesired ratios
as predicted, (b) the transmission’loss atlas, (¢) the

. ! -
MY

- requireg protection ratios derived from measurements
and (d) ‘the analysis of modulation chafacteristics. -
T : ' - VN T L )

-Fﬁo.‘Giethért, Gary D. (1967), Fregiency éhéring with air traff

control. satellites, IER Tech. Mermo. 76 (limited~availabéilyy);i1
‘ =€ = - e .

£y ] *

) - Technical information relevant to the solution of freguency
~ sharing problems,in:the-zzF'band that are associated with the
o _use bf VHF for the aircraft/satellite link of a synchronous
‘ "satellite air, traffic control systeml is included in “this"

. - 1+ . report. Specifically, estimates -aré given 6f“(lYgthe‘ RN

< " gesired-to-undesired-RF signal ratios-availableé at the '
satellite when interference from a multitude of conventional
air traffic control facilities is considered, and (2) the . -

extent to which the service range of conventfonal air -
¢ . traffic control facilities may be reduced becalise of inter—
ference caused by transmissions from a satellite. = J_,*x”l
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,31 Glen, D. V., H. 2kima, and F. Cu Bolton (1976), Fvaluatlon , S
- _of :the GOFq—data~buoy lnterrogatlon 11nk,r0” Report. . ... ...
. T€- 106 _ ) o B

-~
oo
o]

"’Assessment and testlnq of the Geostatlonary Operational
Dnv1ronnental Satellite Data Collectlon Platform Inter-
rogation link using the Synchronous Meteorologlcal Sat-
~ellite (SMS-2) has been completed.' : : :

R

-

_Bit error rate tests and radio set 1nterrcgat10ns were'ff
mage from the Cormmand and Data 2cquisition Station,.
Wallops Island, Virginia, to Roulder, Colorado, via the
SMS~2 to measure perfcermance. It was determined that
“{1l) the received signal level was too low for reliakble
. -‘cperation of the Data Collection Fuoy Radio Set using a . -~ -
o low-gain crmidirectional data buoy antenna and (2) the . A
' interrocation channel is subject to- severe interference. . -
frortnon-governnent land mobile transmitters which have
prlmary frecuency aIIBcatlor at 46R.825° NV? .

Improved Derfornance was demonstrated: through the use oF
4 a hlgher~ga1n antenna and the insertion of a low-noise
‘amplifier in separate tests. The latter is recommended .
"as an irmediate soldution.to provide improved performance.
Use-of 'a 12.5 kFz/offset to the interrogation frequency _
is recomrmencded to m1n1m17e 1and*rob11e 1nterference. ' e

. -

32. Glen, D.V., F C Boclton, u.C Rlair, and P.M. McManamon (1976),
Circuit status for- multlple—satelllte-hop user reactlon tests,
'O” qpec1al Ptbllcatlon 76 8. . - _ .7— , _ : .

-?k-he Offlce of - melecommunlcatlons/Instltute for 'elecommunlca~"
" ticn Sciences (OT/ITS), under an agreemert, with the Federal
.]Conrnnlratlons Commission, served as the Technical Management -
- -Organlvatlon (TMO) for Nultlple-qctelllte—Hop User Reaction-
‘ rests. These user reaction tests 1nvolved ‘voice telephone
fcomrunlcatlons that were relayed one, two, or three times throngh ‘
the Vestar satellite. _The types of connectlons for the voice
. ‘transmission involved ﬁ\mmon Control Swi “hlng Arrangements,
Foreigr Fxchange, ard r’;nc'lem mie TLines seXyices. Circuits for
testing vere primarily provideﬁ by American\Satellite Corporation, B
American Telephone and rrelegraph, and the Westgrn Unionr Telegraph
Porpanv - -a : ' o ' '

"

'Qubjectlve and objectlve measurements of circuit quality were
made. The objecz&ve measurements, for which OT/ITS was the

TMC, werer confirred as. belng within the criteria establlshed
.fer the tests. .. - - . LN
) , . .o o . hd ~ : : » \
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33 Glen, D. V’ and ‘M.J. Mlles (1976), Spin modulatlon statistics cof -
the GOPS data collectlon system, OT ‘Report 76- gl-m_“q,ulwu,ﬂ_“;mm

This report present= the results of statistical analyses of.
the interrogation and data reply warrier signals transwltted
through a Geostatlonary Operational. Fnvironmental Satellite -
! (GQES)_ between a Data Collectiorn Platform Radio Set {DCFRS) and
"~ the Command and Data Acquisition (CSa) statlog Both were
. located at Wallops Island, Virginia. Normaization has been:
attempted for the carriers that contain. spaceCraft sbsh )

'modulatlon. .

. Statistical parameters included are the 'mean and standard
deviation of the signals, the computer plots of a) data during
one revolution of the spacecraft, b) mean values ‘from 1000
revolutions of the spacecraft, c) the differences between the

- sample -and the mean. -values,. and Q) tbe mean values for--1000
differences. These parameters have heen determined.for the
output of the Data Collection Flatform Interrogate (DCPI) phase -
detector, the output of the Data Collection Platform Reply (DCPR)
phase detector, and - the DCPR amplitude ripple. U51ng this. ‘
approach to normalize the effect of spacecraft spin modulation
to study 1onospher1c sc1ntlllatlon 1s not regommended. -

34, Glen, D. V.,'ard P. M. Mg nanon (1975), GOES data collec-

) tion system measurements, OT Report 74-49. - . .
This. report presents results of Mmeasurefents 1’or the inter-
rogation and data reply cormmunications between Data

. :Collection Platform Radio Sets. (DCPRS) and the Command and
-Data Acquisition (CDA) station demodulators using recorded

and simulated signals with and without + 70 degree Manchester

) oded Dhase-Shlit-Keylng‘modulatlon transmitted through a .
Geost tlonary Orbltlng Environmental Satellite .(GOES)
"transponder prior to launch. Rit'Erfor Rate {(RER) measure-

. ments e used to compare performance for one.or three -

- DCPRS” and give estimates of ‘degradation due to space- -

« craft spun modulation and simultaneous operation of other :

© satellité communication subsystems. - Post- launch measure-~
ments were made and are compared to the pre-launch measure-
" ments. A _ : -

Y -

35.Gray, E. M. (1974), Anlk, IFEF Comm Soc. 12, No. 1, 3-5.°
,"Aplx," an Eskimo. worc meanlng "brother”, is the name
,given to the world's first domestic communlcatlons
~ ' satellite in synchronous orbit. The article describes .
- . the .-Telesat Canada satellite communications system in-
:cludlng the ‘baseline network of earth stations.

-




- 36% Faaklnso’\\E G., ‘and D.E. Skinner (1977), Power and beam pointing

37.

'_Earth'footprihte are contours of constant antenna gain

restrictions for geosﬂatlonary orkit av01dance. program

*““ORBITCHECK user S~ nanual {in- preparatlon) S s s e

Internatlonally establlshed power and antenna beam pointing

restrictions have been placed on fixed and mobile terrestrial

systems which share common frequency bands with geostationary

satellites. The restrictions were designed to limit the level |

of in-band and/or adjacent—-channel interference’ power from
the terrestrlal syster to the space systems.

A conputer program has been developed to automatlcally check
the compliance of fixed te;restrlal stations with the stated
reqtlrefths. Spe01f1cally, the program. checks frequency
appllcatlons and assignmehts against the regulatlon stated

in Section €.2.34 of the Office of Telecommunications Pollqy S -
Manual of Regulatlons .and Procedures for Frequency Management,

- and Article 7 Section VII of the International Telecommunication

Union's Radio Regulatiors. It is written in UNIVAC FORTRAN V
language for use in an interactive (tlme—sharlng) mode on the
UNIVAC 1108 computer.

This manual explains the executlon of the program, the choice.
of input values, the alteraﬁion of input values, and the

- interpretation -"of output rdsults. Sample executions of the
pregram alsokare prov1dea . ~ ' o .
L“ .."' . o £ <

Y ‘.-o. Lo - ¢ 7

Haaklnson, EMJ., D.E. qklnner, XK.P. fpies, and G.J. Brldgewater‘

(1877), futonated computlrg and plotting of geostatlonary
satellite earth. footprints: program FOOTPRINTS user's .
manual-(in‘preparation). e A - o

-

from antennas aboar@ ceostationary satellites. ’Footprlnt'

plots are used by design engineers’ as an aid in max1m121ng

satellite antenna coverage over a particular portion of the

earth's surface while minimizing the effects of interference,’

to other telecommunication systems. Similarly,.the plots

aid international regulatory ‘bodies in coordlnatlng oepioy-

ment of satellite systems ,so as to minimize interference.
TN

We bave written a computer procram that automatlcally com-

putes and plots footprlnts. . This program is flex1bly de51gned

" to .accommodate a broad range of user—supplled input detalls,,

. from minimal information td-highly detailed antenna pattern -
'?data.g It is'written in UNIVAC FORTRAN V language for use

in an interactive (tlme-sharlng) mode on the UNIVAC 11o0g

'computer.

- . ool
r ‘\. - -

""hlsxmanual explains the executlon of the program, the _e' -

choice: of 1nput values, the alteratlon of .input values,; and
the interpretation of output' results. Sample executlons of
the program are also prov1ded. -

RN P} -
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- 38. Haldle, L. L., and R. G. FltzGerrell (1°77Y’ Hemlspherlcal

power~§a1n pattern measurements at 7 . GEz (to be

..published)e e e e e e e

-

'A technlque is desgglbed for measurlng the complete

hemispherical power—gain radiation pattern of a 2. 44-m
diameter paraboloidal reflector antenna mounted atop a

\#-::.

mobile small.earth terminal operating at 7.5 GHz. Antenna
power—gain ddta were measured versus azimuth and elevation.

angles with the earth terminal centered on a heavy-duty

turntable flush with test range ground. Test site illu-

mination . was achieved with alrborne transmlttlng antenpas""

Conventional and statistical power-gain patterns are’

‘ presented for 1eft -hand circular- polarlzatlon and cross
‘polarization. "Results indicate that similar systéms cannot-

rely upon orthogonal polarization to provide isolation qr
compatlblllty beyond the anqular reglon of the main 1obe.

33 Halton, J.-H., and,A D. Spauldlng (1960), Error rates

-

v

in dlfferentlally coherent phase systems in. non-
Gaussian noise, IEEEF Trans. Communn Tech., Vol. CQM—‘:

14, pp. 594-601. ‘ o /

A théoretical analysis of the differentially coheren@ia
phase-shift. keying systems actlng under a wide range

.0f noise and signal conditions is given. In addition

to the - elemental -error rate, it is desirable to know

the error rates. for. sequences of errors, since there is .
intersymbol dependency in this system. To determine the
probability of a sequence of r errors requires, at
most, 1ntegratlons over volumes.up +to 2r + 2 dimensions,
~which are performed-by Monte’ Carlo technlques.; The -~
analysis and. computational schemes are such that any

" noise and 51gna1 stat1§t1cs, as well as the use of non-

_linear devices (noise suppression equipment), can be -
taken into account in calculatlng the error rates (for.

a k-phase system). as long as the resulting joint distri-
butions of the instantaneous SNR at the phase detector

- can be determined in some form. A segquence of r errors,

-requires knowledge of the (r+l)st-order distribution-
Since nothing is krnown of the joint densitites of atmos-
pherlc or other non-Gaussian 1nterference, and 51nce
many systems have 'slow enough:bit rates for the noise to
' be independent from one integration period to the next,

'eyamples are given for the independent case for Gaussian

noise and characferistic samples of atmospherlc noise. -

Results for both constant and‘slow, flat, Raylelgh fadlng
51gnal for the two and four phase systems are . given, and
comparlsons of experlmental resuilts with the theoretlcal

. error rates are made. .Also, £or comparlson, expre551ops
are derieved and results given for the error rates- corres— =+ -

pond1 c to. the above for the. coherent PSK systems.-"

.,__4", ...'-30~
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"40.-Hargreaves, J. K:- (1966), The coverage of satellite passes

_For.studies of the ‘upper atmosphere wh1ch reguire the

* of satellite revolutions whose. pro;ectlon passes within

and ground—based data.

from a ground station, Planet. qpace %ci. 14, 617-622.

- t

12

simultaneous detection of phenomena on 'a satellite

and from the ground, it is necessary to ensure good .
‘coverage of the satellite orbit from the ground station.
With this in mind, the present note computes the number

a spec1f1ed distance-of a ground station. The results
are presented in graphical ‘form and provide a ready
indication of the observatloral statistics which may
be expected from any proposed comparlson of satelllte

A

41. Harr, T. A., Jr., and W. M. Roberts (1972), f‘ai‘culatléns of . |

oY

_This user S manual contalns a program description of what

interference potential between geostatlonary ‘satellite
networks: program WARC 71.A29 user's manual, OT Tech. :
Memo. 74-161 (limited avallablllty) . s C

the "WARC:71.229" does, a sample calculation, explanations,’

- and instructions .for the use of the .program. Guidance is

provided as to the, various sources of information needed - i
to operate the program and as to the applicability and :
limitations of the various classes of data. Procedures
appllcable in the early analysis and coordingtion of new
foreign and domestic space systems are outli ked, and £ low
dlagrams are furnlshed as culdance to potential -users of )

h_;thegprogram Lo . - _s S _ CoL

-

427 harr, T B., Jr.;‘K;~E. Bechard, and J. J Stephenson (1073), S

’

'Space/terrestr1a1 radio serV1ce coordination areas:

Program WARC 71.A28 user's. manual, OT Tech. Memo. 73—

>

©13%  (limited- avallablllty) S .

> -

‘This manual describes’ a. computer program (“WARC 71. A?S")

that implements the procedure (outlined in Appendix 28.
of the World Administrative Radlo Conference for Space

' Telecommunication, .Genreva 1971) for determining“ the_co-"
-ordination area around .an Farth Station in frequency -

" bands between 1 and 40 GFz shared by Space and.rerres—-

trial Radio Communlcatlon Services. This’ program is-

d“wrltten for use on-the ‘OEP/UNIVAC-1108 computer in »f.'3*.y R

VT»UNTVAC FORTRAN'V language, but can easily be converted . - .

‘for use on any.computer. The manual explains how to.

. . access the computer program, how to run the computer

program, how to change the input vilues for subsequent i

- runs of the -computer program, and "how to 1nterpret the
» ¥

results.

.\‘7 - - .
. o
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43, Hartman, W. J. (1971), Study and forecast of the electro-
magnetic spectrum technology, part 3. OT Tech,Memo. - '

45. Hartman, W. J (1966), Fea51b111ty of communicatron"w1th awl Lo
N - Satellite by means-of tropospherlc scatter, IEEE Trans. . .
] Commun. Technol COM—14, ‘Noz" 35 251. B P R

rtranslated 1nto French and Spanlsh 7

'46 Hartman, h J., and M. T. Decker (1963), Mutual 1nterference
L - between .surface. and- satellite communlcatlon systems,'
'NBS Tech Note 126. - o LT _ LT -

25.. NTIS Access. No COM—?l -00658. , .
,\_ : . ,_'

' Some factors whlch could or should affect frequency .

allocations and assignments in the future are con-

‘sidered These 1nc1ude .propagation predlctlons, modu-"
latlon,\codlng and information process;ng._ In addition®
a forecast of the use of .cables as replacements for . - .

_ Broadcast TV and mlcrowavearelay is presented. ’

‘44. Hartman, W. J., and G. A. Hufford (1966), On the general

problem of frequency sharlng, Telecommun. J. ?3, No. 8,
287;293.' . , .

It is shown that, in a very general sense, one can de-

fine a best or. oEtlmal choice of radiated powers for _
systems- sHarlng requencies. For this definition ‘the .
condition of optimality determines the relative radia- <j
ted powers uniquely and these can be calculfited in a
stralghtforward manner. One-interesting result of the

" Study is that undex optimum conditions, all of the

systems under. consideration will be- equally well off in

that they will suffer from equally, hopefully Sllght

1nterference.'

-

(N B., .This artlcle was publlshed in Ehgllsh and was

'

, Theoretlcal methods are- developed for predlctlng the-trans—'f
;mis31on loss over a- tropospheric scatter path from a point --

on the earth t0 a satellite. The results indicate that .

.presently avallable equipment-allows reliable communlcatlon

to only very slightly beyond the radio horizon. .Some of

. the difficulties encountered in designing experiments

to. teék the theoret1ca1 predlctmons are 1nvest1gated. f'“'-

-

s

T‘Estlmates of the’ mutual 1nterference expected to occur

between the ground terminals of space. communications

- systems and surface polnt—to-p01nt systems are presented

26
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| in a fasﬁion suitable for englneerlng*appllcatlons.

These estimates are obtained from recently developed
methods for predlctlng the transmission loss over tropo-
spheric paths in terms of parametérs such as’ ‘geographic =
separatlon, elevation angle of the antenna, antenna
patterns, and frequency.' It is concluded that these
_ systems can share - the same frequency a551gnment under
’ sultable conditlons. - -

e s g ot mtn i mam m e

473 Hartman, W. J., and M .Decker (1962) ; Experiments for

- feasibility study of tropospherlc atter propagation
B - between the earth and satellltes, NBS Report 7625,  NTIS Access.
" AD 414-290 or aD-414 771. o . -

-

,_/._

S . - - -
o . The. proposed experlments described in thlS report are
N | t;de51gned to obtain information concerning the fea51b11-*
' : ity of tropospheric scatter transmission between aﬁaearth
- terminal and a satellite. These experlments are suggested
- in lieu of experiments utlllZlng orbiting vehches prlmarlly
; because of the/problem of obt 1n1ng adequate power aboard
~sate11;te§.

i

48 . Hartman, W. J., and s. G. Tutz. ( 962), Antenna. beam elevatlon
angle for control of troposphéric interference between

- space/earth and terrestrial stations, paper presented

. at the WESCON Conference (unpubllshed)
By controlllng the path antenna galn alonq,tropospherlc N
interference paths, excessive separatlon distances can be - ..
avoided between space/earth stations ("terminals") and =
surroundlng microwave relay-or- other.surface radlo services ’
‘using the same’ frequencies. = Surface communicatjon antennas ..

. are. directed at the horizon, whereas beams dir ol
) satellites are usually elevated. Farly’ ‘satellijte co i- o
cation systems require a minimum beam elevation ‘ to). 10

+to obtain satisfactory performance. It was assume
early studies of frequency sharing . that this minimum be
elevation would be sufficient to suppress tropospherically

o propagated 1nterference via the main beam and thus justify
Tl \‘an isotropic apprOxlmatlon. ‘This paper compares tropo-

4 spherlc scatter tragnsmission loss via the elevated main beam
o of a’ 60-ft termina tantenna to, that for an isotropic. .
. terminal antenna. - For 10- ft, 6—-ft,-and- 1s tropic surface
S antengas, calculations are givern: for beam elevation anglesA ,
.. £0.157, path .lengths.to 350 miles and for Prequencies -~ 7~ 7.
betweenthc/s and 10Ge/s. It is shown that when the. o

remote antenna is isotropic, the-terminal bedm elevation
angle which suppresses the beam galn is essentially inde- -
pendent of frequency, but that it 1ncreases w1th dlstance,t




from about 4° atr50 miles to nearly 9° at 250 miles, based
on median losses. When the remote antenna has a 10-ft

S eeeme.-aperture -directed-at -the-terminal,— the-beam elevation----—---

,angle versus distance relationship Becomes 1ncrea51ngly
frequency—sen51t1ve at greater distances, thus requlrlng
greater angles at the higher. frequenc1es.

Bven through satellite communication systems of the future
may have much stronger signals and therefore may nbot be-
constrained .by earth-temperature and atmospherlc nolse,
tropospheric interference may limit their minimum beam-
elevation and prevent tracking satellites to the horizon.

r ) '

49. Hartman, W. J. (1962), Feasibility of communication with
; satellites: by means of tropospheric scatter, NBE. Report
| 7243 NTIS Access. No. AD 405- 801

Theoretlcal methods are developed for predlctlng the .

transmission loss over a tropsopheric scatter path from .a -

point on the rth to a satellite. The results 1nalcate

that presently”available equipment allows reliable communi-

cation to only very sllghtly beyond the radio horizon. -

Some of the difficulties encountered in deésighing experi-~ -
,‘ments to test the theoretlcal predlctlons are 1nvest1gated.

50. Hartman, w. J., and M. T. Decker (1961), Mutual 1nterference
S ‘between surface and satellite communication systems, '
J. Research (D. Radio Propagatlon), Natioral Bureau of
ctandards 65D; 433 -236. .
e Estlmates of the mutual 1nterference expected +o. occur
”:gbetween the ground. termlnals of: space- ‘communications - -
: systems and surface. p01nt—to-b01nt systems are.presen-.ﬁ‘{t,
ted in a fashion suitable .for engineering, appllcatlons.-" "
These . estlmates .are obtained from recently developed .
- . methods for predlctlng -the transm1551on.loss over: tropo-
'+ spheric paths in terms of parameters such as geographlc'
”*separatlon, elevation angle of the antenna, antenna
patterns and’ frequency. It is concluded-that these
_system; can share the same frequency as31qnment under
'suitable’ condltlons.“ S

5. Hatfleld, D. (1971), A general analys1s of domestlc satelllte o
PR _orblt/spectrum utlllzatlon. NTIS Access. No PB 207 397. -
ThlS report evaluates the geostatlonary orblt/spectrum o
utilization of the U.S. domestit communication satelllte

system appllcatlons. It provides information for
~ .considering the scarcity of the orblt/spectrum resource .
.and DOMSAT pollcy reconnendatlons.

-‘A.“ B .~ “”--' o o .f;“'Zé.'.' l
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52 Hayden, E. C. (1971), Planning for
tem development in Alaska, YVol. xl"w

(appendlces), OT AR 1. @,__--?":f.fﬁff 5 R SR
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-

An examinatlon was made of alternate concepEs for
message-carrying networks which'could prov1de'the re-
quired or desired services at minimum‘price. One im-
‘portant conclusion drawn wag that there are. unlque

. technical advantages which satellite signal relay ,,

‘ offers for the solution of Alaska's particular. problem
and which are probably w1th1n economlc‘reach in the very -

- near future. - . :

- ”~ ¢

? .

'Six areas for' future work are identified Whlch merlt o

Priorlty attentlon. Theyware. T -'\\Bw . T
if£

T g

2.

: : -e—
1) A hearlng on utility rate base and tar structure.
- 2) The preparation of appropriate rules and regulations
for the administration of the: regulatory function. .
3) The institutionalizing of the public. telecommunl—
. cations planning and ‘advocacy functlons. ' :
4) The assembly and analysis of ah integrated statement
of the demand or requirement for communications .
: within Alaska and between Alaska and outside roints.
-5) . The .innovative generation of alternate concepts which ..

_ : ~might be -the basis for Alaska's long-lines network, =
‘ _.. especially concepts for the use of satellite tech-
nology.

o 6) The. prov1slon of 1nter1m consulting and adv1sory
‘ * " services during the period of stress produced by the
_ impact of the ACS tfansfer process on. Alaska s nascent
c .fpubllc 1nst1tutlons. - - : S

o . L -
53 Haydon, G W., and R. K. Ros1ch (1973),'¢echn1cal conslderatlons )

, T?%j in the eff1c1eﬁ5§ﬂ$e of -the :spectrum,- Part I, Terrestrial- .
.- surface. .power. flux density llmlts for servrces using- sat-
~ellltes, 0T Report 73-1¢°. : .o

~ '- . T \.

rr‘he role of power flux den51ty llmltatlons at the earth's.
surface -in . the efficient use of the specfrum is examined.
. The effective initiation of some, newly -emerging serviceés
such as disaster warning, educational TV, and direct
broadcasting, and the expansion of establlshed -services.
such as point—-to-point communication and environmental
. sensing appear to be dependent upon. the relaxaxlon of
.~ .- power flux den51ty limitations at- the eaTFh's surface for
- "thésé services whenever .feasible.  Computer routines have
fbeen{developed to examine the probable 1mpact of wvarious
7 levels of power flux den51ty at the earth's. surface upon
: _ter estrial- systems as -a functlon of percentage of terrestrlal
systems affected.- : . ,

o
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" The use of these routines is 'illustrated by an examination of
terrestrlal systems between 6 GHz and 10vGH7 in the state'

_ _.. ..__...,O-f Colorado SRR o

-~

"{) ‘ Tabulations and graphs show the percentage of terrestrial
‘ systems expected to be seriously affected by satellite

signals as a function of satellite location and-permissible
power flux density level. Relationships between maximum
- tolerable power flux density and satellite elevation angle
and the significance of terrestrial rece1v1ng antenna -
-point. to the satellite are bllustrated. It is concluded '
~that power flux density limits appear too stringent,
particularly fo 5 satellite signals arr1v1ng at vertical
angles above 25 : S ' '

54. Haydon, G.. W. (1971), Analy51s of VEF and-UHF aviation sat-
elllte.systems, cT Tech Memo. 58  (limited avallablllty)

g _fP0551b1e UFF (1540-1600 MEz). and VEF (118-136 MHz)
- aviation synchronous satellite systems have becn analyzed
\x&‘\ stressing the effects of propagatlon and other natural
phenomena upon the capability of these systems to
achieve their oneratlonal objectlves.

‘It is concluded that even under the- qua51-1dea1 conditions
of undistorted free space propagatlon and negligible external .
_n01se contributions to the receiving system, neither the VHF =
nor UHRF system con51dered will fully.attain the voice intel-
ligibility desired. Poth systems, - however, under ‘these quasi-
ideal. conditions would achieve the desired data handllng capa-"
bility with a small but p0351b1y 1ns1gn1f1cant margin in Favor .
of the GFF system. v o 'i . :
"Whe 51gn1f1cant dlfference between the UHF ard - VHF system

appears to lie'in the role of the natural rhenomena which may’

markedly degrade the VHF system by both signal level varia-
tions due to its passage through the 1onosphere.and by p0551ble

1ncreases\;n the effect of the noise. . .

.55. Haydon, G.. W (1062), Technlcal con51derat10ns in the
SR selectlon of frequencies “for communication with, via
~ and between space vehlcles, NBS Report 7250. :
- z

mechnlcal con51derat10ns in the selectlon of frequenc1es

for communication via satellites as prepared as an appen-
.dix for "Prellmlnary Views of the United States of.America,"
May 17, 1961, and "Final Preliminary” Views of the United ,
‘States.of America," as submitted by the Federal Communica-
tions Commission, September 7, 1961; areé revised in accor-
dance-w1th the Interlm Meetlng of CCIR Iv, Space Systems,

30
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Washington, D. C., 1962), and expanded to inc¢lude a con--
sideration of passive systems, communication between space

_vehicles, and between space and earth termlnals when each
use an omnidirectional antenna.

56. Haydon, G. W. (1960), 6ptimumffrequencies for outer space
communication, J. Res. (D. Radio Propagation), 64D,
No. 2., 105-109. | | _ —

Frequency dependence of radioc propagation and other
technical factors which influence outer space communi-

‘cations are examined to provide a basis for the selec- _ \\
-tion of frequencies for communication between earth and a
space vehicle or] for communication between space vehicles. // :

57. Haydon, G. W. (1959), Optimum frequencieé for outer space

: communication, Journal of Research,- Section D,

64D, No.u2 105-109 (Also publlshed in FCC Feargngs)

'Frequency qependence of radico propagatnén and other
- technical factors which influence outer space communlcations
are examined to provide a basis for the selection of

- frequencies for communication between earth amd a space
vehicle'or for communicaticn between space vehicles.

- N.B. [The basxc material in this paper was unanlmously
adopted by the Internatlonal Radio -Consultative Commlttee #
.at the IX Plenary Assembly -in Los.Angeles, April 1959,

" and was issued as CCIR Report No. 115, ‘Factors affecting
the selection of frequencies for telecommunication with’
and between space vehicles. In addition, this material
-has been published in full tw1ce Wlthln the text of the
same FCC hearings.

58 Haydon, G. W. (1958), Optimum - frequencies for outer space
cormunication, Space/Aeronautics Research and Develop-,
ment Eandbook, 1960-1961,. pp. D18-D22. {Published '

_ by Office of Chief Signal Officer. N.RB. This article
- . is. a- condensation of the above article of the same title
 and author published in the NBS Journal of Research,
Sectlon D, GAD, No. .2, 105- 109 Mar-Apr11 1960 L

, Frecuency dependence of radlo propagatlon and other —

" technical factors which influence outer- space communi- . -
-cations are examined to prov1de a basis for the selection

. of frequencxes for communication between earth and.a ‘ '
space vehicle or for communlcatlon between space _ ' /'
vehicles. -
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59. Hefley, G., R. F. Llnfleld, and R. H. Doherty (1960), Tlmrng and

space navigation with an existing grqQund-based system,’
for: Avionics Panel Meeting of the Advisory Group for

Aeronautical Research and Development (AGARD),_3 8, mmnmwmm_;mm@f
“October 1960, NBS Report 6721. - (:Q

New synchronization technlques have been developed
with accuracies which make feasible the use of an, ,
inverse hyperbolic system for.determining’ the p051t10n of -

space vehlcles.', . S . <
The National Bureau of Standards had developed a Loran—C
clock ‘which provides timing and  synchronizing accuracies
of one microsecond or better and stabilities of 0.1 micro-
seconds or better anywhere within a Loran-C pav1gatlon chain.
Synchronization of other chains could prov1de base llne
lengths equal to-an earth' S diameter. '

?
HaV1ng establlshed a common time base, short pulse trans-
missions from space vehicles are measured relative to.
this base. 'DifferencesVin 'the time of arrival of these.
Pulses at wvarious ground statlons permit space flxes at

great ranges. _ : : e %

- The time synchronlzatlon scheme is dlscussed along with

,flx accuracies obtainable as a functlon oE synchronization

accuracy and systemn geometry. ‘ .. oo
c

‘60. Herbstrelt, J. W. (1962), Space telecommunications and the

Central Radlo Propagatlon Laboratory, NBS Report 7268.

The Central 'Radio Propagation Laboratory of the Natfonal
- Bureau of Standards has been active in the field of study

. and research on the propagation arnd frequency problems of 7

space communcations. This report summarizes work in that
field and emphasizes the urgent.need to oBtain basic _
propagatlon information as a prerequisite to intelligent

"negotiation of frequency-allocations for space telecom-

munications systems and as a basis for optlmlzlng the’
equipment and technlques to be. 1ncorporated in such svstems.

:61. Herbstreit, J. (1961), Frequency allocations for space

communlcatlons,'a report of the Joint Technical Ad-
visory Commlttee, Prbc. IRE 49, 1009-1015. . ‘

The-~ report examlnes the technical aspects of space'
communications with special attention tc thHe use of - -
satellites for ‘commercial runklng purposes.  The prob-
lems of frequency allocatibn and frequency utilization®
are examined. The report cbntains a compilation of
recommendations..and conclu: ionsw+concerning the allo-

- cation of the radlo-frequency spectrum for space com-

munications. - | . : .
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62, Herbstreit, J. W. {961), Mutual interference between surface
and satellite compunication systems, Ch. 5 of Frequency
Allocations for Space Communications, a report of the -

Joint Technical Advisory Committee of IRE-EIA. (Chapter . '

TV was written by the National Bureau of Standards, .
' Central Radio Propagation Laboratory, and Mr. Herbstreit

was a member of the Ad Hoc Subcommittee 60.2 of the

JTAC of the IRE and (the EIA. ) o ,

~

, “Thls report examlnes the technlcal aspects of space - .
A communication with special attention to the use of |
© . satellites for commercial truynking purposes. The
problems of frequency allocation and of the influence
of system design on frequency allocation and frequency
utlllzatlon are examlned : .
. - N I .
* " Many of the problems of mutual 1nterference between
“proposed ‘satellite communication systems and surface
comnunication systems can Be investigated in terms” of
-available theories.’ The primary purpose -of this chapter )
%Z to predict the conditions under which a service will

interference-free for a given percent of the time., —

The prediction methods that are developed are intended
to have a wide range of applicability. Examples which

are included.

53 Herbstrelt, J ¥., and M. C. Thompson, Jr. ' (1958),
. Continuous phase difference measurements of earth
e ,_satellltes (letter), Proc. IRE 46, No. 8, 1535. .-

The Radio Propagatlon Englneerlng Division of the : ,
National Bureau of Standards, Boulder Laboratories,
_conducted a series of observatlons of both -
"satellltes using a continuous phase—dlfference
v,“al'neasurlng technique developed earlier for study— ~
- ..~ ing atmospheric turbulence in the. trgpospher ‘
o - The records contain . information on two types of

- mechanisms. Ore is the effect of gross geometrical

. changes and the second is-‘the relatlvely 1rregular o

~ effect of 1onospher1c turbulence. : . ‘
54 Hill, D., A. (1974), A survey of earthrto—satelllte propagatlon
factors between 2.5 and’ 275 ‘GEz, Ol Report 74- 43.

,f Propagatlon factors for, earth—to-satelllte paths are
- reviewed for frequencies between-2.5 ard 275 GHz.. Although
-- molecular absorption by)water vapor and. oxygen limits
. the use of this frequency range near 22.2, 60, 118.8"
and i83 3 GHz, the subject is suff1c1ently well under-
stood for systems con51deratlons. It is concluded that,

v .
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TYain attenuatlon is the most serious 11m1t1ng factor and
that considerable progress has been made in understandlng
the theory of rain attenuation and in collecting data

' __on_surface rainfall rates. Fowever,.-lack.of-data-on-rain -  — 4

rate and drop size distribution as a function of height
prohibits the determlpatlon,of statistics.on earth-to-
satellite attepuation required by the systems engineer.
The only direct satellite measurements of rain atténuation
have been provided by. the Applications Technology Sat-
elllte (ATS-5) at 15.3 and 31.65 GHz. Other forms of
prec1p1tatlon are avallable between 110 and 313 GHz..

'55 Hubbard, R. (1974), Measurement and predlctlon of bistatic

‘radio scatterlng due to precipitation, Special Issue of

o JournaI de Recherches Atmospherlques. ) :
L : - T

This paper .describes an experlment conducted to measure- L

the temporal statistics of radio energy scattered by

D, ecipitation in the 4 and 8 GHz bands. ' These data are

ompared with measurements of surface rain rates to test

the applicability of surface statisties in predlctlng

interference -between satellite and terrestrial microwave

systems that share these frequency bands. The prediction

‘method is shown to provide good engineering results for

common-~volume scatterlng up to elevatlons of 10,000

* feet (3 km) ) - 1 "

- L

'56 Hubbard, R. W., J. A. Hull, P L. Rice, . and P. I. Wells

(1973), An experimental study of the temporal statlstlcs;
’ of radlo 51gnals scattered by rain, OT Report 73 15.

A flxed—beam bistatic. CW/experlment de51gned ‘to measure
the temporal statistics of the volume reflectivity pro-
~duced by- hydrometgors t several -selécted altitudes,

. scattering’ ahgles,; and!at two frequenczes (3.6 and

- 7.8 GHZ) is described. -'Surface rain gauge data, local
meteorolagical daté, surveilTance S-band. radar, and

: =;f'great—c1rcle path propagatlon measurements .were also- e

madeqto desScribe the -general weather and propagatlon
condltlons and to ‘distinguish precipitation scatter
‘signals’from those caused by ducting and other non-

- hydrometeor scatter mechanlsms. The operating charac=
teristics of the various -system components used in the:
‘experiment are presented. The data analysis. procedures

- . were designed to provide an assessment of a- onefyear

- sample of data with a time resolution of one minute.

- The results to date cover the time interval of September. ”.
15, 1970 to January 31, 1971. The cumulative dlstrl-“',-
butions of-the bistatic signals for all of the rainy '

- mlnutes durlng this perlod are presented for the severak

v
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" . path geometries. These' cumulaglve distributions of Ty
- v amplitude-time -.-duratigns of Hdrometeor scatter sig- . >
nals. are compared wi measuréa cumulative distributions

of surface rain-rate- measiirements obtained for’the
~ same’ time periods. THe surface raln-rate statistics are
_ncompared with: long-term excessive preclpltatlon data ,
‘available for the southeastern .United States. , o B

67. Hubbard, R. W., J A.-Hull, G. D. Thayer, and.P L. Rlce (1971),
o "An experimental study«of the temporal statistics of radio
h 31gnals scattered: by raln, OT/ITSTM 37 (llmlted availability) .
. r
A flxed—beam, blstatlc cw experlment des1gned to measure
" the temporal- statlstlcs of the volume reflectivity pro-
o u“jduced by hydrometeors at several selected altitudes, scat-
- i terlng angles and at two frequenc1es (3.6 and 7.8 GEz) '
_‘,1§ described. Surface rain gauge. data, local meteorolocgical
- data, surveillance S-band radar and great-circle path prop- - .
o . agation measurements are also made to describe the general
- - wWeather and ' propagation-conditions and to distinguish pre-
- . cipitation scatter signals from those caused by ducting and
© other non-hydrometeor scatter méchanisms. The results to
~date cover the time interval: September 15, 1970, to January
©31,.1971. The cumulative distribution of rainy minutes
for which ‘the’ path loss signal exceeds a given value above o
system sessitivity is presented for the several path
geometries.. These cunulative ‘distributions of amplltude-tlme
. 'durations of hydrometeor scatter. ‘'signals are compared w1th
"measured cumulative distribution of surface-rain-rate oo
- measurements obtained for the same time period. The surface
‘rain rate statistics are compared with long-term excessive
prec1p1tatlon-data avallable for the -southeastern United States.
Hubbard, R. wW., G. D. Thayer, and J. A. Payne (19700, An experl-
ment for thé. study of earth station-terrestrial .station S
interference-—Part II-Statistical data summary for the-'_ o
" RIPP flxed bean experlment anLangley, Virginia, U. 8. - e
- Dept. of Commerce,er/ITsTM lds(llmlted avaulablllty)., - ;f-;i'

The data processzng ‘and analysis procedures for the RIPP
fixed beam experiment have been implemented, tested and’
applied to the assimilation of data for the: perlod 15
" September to 7 December '1970. - This includes: 1. &a/D°
' . conversion of the analog field medsurement tapes to dlgltal
processing tapes. 2.-\Ehe preparation of dlgltal data.
archives tapes from. theBcomputer distribution analysis.
3., Compllatlon of clock-minute signal distribution data )
‘in a.computer program;/ 4;“ Computer program to assimilate
N clockdmlnute median data, and to compute..cumulative distri-
_.» -bution functions. 5. °Plott1ng routlne to present the-
dlstrlbutlon functions on m1crof11m 6. Program to compute

¢
-




;. the cumulative distribution function for measured rain rates.

- The primary value of this report is to indicate what the
:long-term trends in thése data are, and to 1llustrate the -
~manner in whlch the data are to be a551mllated in the overall

.. conduct of thls exPerlment.__ - .

. 69, Hubbard, R. W.,_and DV, Glen (1968), Requlred protectlon
'~ ratios for. frequency sharlng in a VHEF air-traffic control

communications.system with @ satellite terminal, ESSA.

TM .ERL" TM—IT% 140 . (limited avallabllltY) -

Thls reportlpresepts the results of laboratory tests con-
ducted to make preliminary determination ‘of the requ1red
“protection ratios for satlsfactory sharing service in a ;

" VHF ATC communlcatlons system. The data given may ke used
to- predlct a quantitative measure of performance. for any -
voice .communication system. in the VHE band and 1nclud1ng a el
satelllte terminal. o | = , T
jThe pr1nc1pal results of the work are data from performance
tests on typical ATC equipment to. determine requlred ‘
ide51red-to—unde51red 51gnal ‘ratios: (D/U) for various
grades of service. Percent 1ntelllg1b111ty is plotted

..against D/U.. The ATC controller is very skllled in reading-

:‘typlcal ATC messages.under severe interference condltlons.
" There is a sharp thresh§ld in intelligibility followed by* .
: _rapld degradation in- performance for both AM and FM systems._

70 Hufford, G. 'A. (1%72), A user 's- gulde to path loss computatlons,;
~ OT Tech Memo. 104 (llmlted*avallablllty) : SN

The user s gulde deflnes, descrlbes, and explalns 1nput ;
,parameters and outputfvalues of . the path loss. between -
20 MEz and 20 GHz.. [ A - _v_.”_,m__g ;mg:“
o oL R .
72&.Hull, J. A., P. T, Rlce, R. W. Hubbard, and G.. D. Thayer (1970),,
“An ‘experiment for the study of earth station-terrestrial :
. station 1nterference, Part I = Interference model for rain
g'scatter and flxed-beam experlment, OT/ITS T™ 14 (llmlted avail. DN

\
.4

_Ralngauge data measured %t the sub-common volume p01nts o

when converted to anaequlvalent radar reflectivity and plotted )
in terms of a cumulative distribution correlates well with )
the similar cumulative distributions for the. blStath'
reflectivity for -the 5 K, 10 K, and 20 K ft altitudes for.

which data are available. The accumulation of long-term B
statistical data requires that strong attention be 7 .- o 7
" directed toward achieving- maxrmum rellablllty'of operatlon

e . _ |
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in order that short- term events (p—lO f be recorded- _
,durln&che‘?typlcal“ vear of measurement. Theoextrapo—
-lation of the measuremerits made. at the present site to
other” locations will dep n models being developed. to-
‘relate the tlme and spacéﬁ?tﬁtlstlcs_of radar reflec—-f-
th&tY, Z.i 3 ' o A ) -

_The present flxed-bean conflguratlon of the experlment 1s
_prov;dlng‘crltlcally needed measurements of: 1nterference‘
‘pheénomena which . must be assessed in-terms of cumulative: -

- distributions for the given fixed . configurations as a L

function of season -and for a total seasonal variation of

‘a "typical" vear. It is necessary that this. acculeatlon.,T

';og/éata proceed without interruption to provide the inputs.
quired for the use of interference probability models-
_requlred—for domestlc and 1nternat1onal sharlng crrterla.-
72. uanes, H B._(1969), Atmospherlc errors in electromagnetlc
. ‘distance Measurements: - ESSA Hawaii’ experiments 1966-7,"
AGARD .Conf. Proc. No. 33, Phase and Frequency Insta-
‘bilities in- Electromagnetlc Wave Propagatlon, Ankara,

ey rurkey, Oct., p. 628. : -.-~~i mxg
. 4 . SN
. For several years, the Natlonal Bureau of Qtandards and
_its successor in this area the: ‘Erivironmental Sc1ence=
" Servigces Adm:.nlstratlon have been studylng thé ‘errors
:-contrlbuted by the lower troposphere to microwave
;Imeasurements of distance’ and .angular. pos1t10n.. Prlmary

P
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"empha51srhas been placed. on measurements involving: .7-3 PR

= ground—to—alr propagatlon paths such as. those used 1n
- . microwave tracking systems. The experlmental tech- .
¥ nique has, in general, ‘consisted 6f placing equipment
- simulating the rocket or satellite. transponder on- a
;fmguntaln top- ‘and recording continucusly the apparent -
variations in .position as observed. by a srmulated track—

ing system ‘located at a lower altltude\\’ A

2 series of experlments Was\undertaken in 1966 and
1967 using overwater propagation paths in Hawaii to
establish the relevance of the overland data to existing
systems, most.of which are at coastal locatlons. The - A
purpose of this chapter is-to describe these experi-
©ments briefly and to show ‘some prellmlnary results of
-~ the ana1y51s.g, . - ‘ LR

. ) . . e ) .
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73 Janes, H. B.; M.C. Thompson,er., W B Grant, A. W. Klrkpatrlck,

.and D. Smith. (1969), Experrmental evaluation of several

':frefract1v1ty correctors for microwave: slant—range data,r

ERL TM—ITS 174 Illmlted avallablllty)._,g

-’An evaluatlon of three re ct1v1ty varlables in- terms of
* their valfie=in correctlng crowave slant-range data: for ,
.- atmospheric effects is described. 'Expéeriments were con-

. - ducted in Hawaii in 1967 on a fixed, 65 km overwater

'f;propagatlon -path. The data output from 1l2-day runs con-
' sisted of continuous recordings of microwave- range varia-

. tions, surface refractivity from méteorological data

0.

- taken at the loweér path terminal, and average path

- refrdctivity .computed both from radiosonde data and from
--airborne ‘refractometer data. Correlation coeff1c1ents '
‘between range and each of the several refractivity. var-

iables ranged from 0.5 to 0.8, with the radiosonde and alr-fj:‘

'borne refractometer data. showing sllghtly higher correlations

“than did the surface reﬁract1v1ty. The- correlation’ ana1y31s
. :7is discussed in termsg &f the. implied value of the several
'»Jrefract1v1ty varlables as sLant-range correctors.;-;.,
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74 Janes, H. B., M. C. Thompson, D.“Smith, and A. W. Klrkpatrlck

( frequencies. The possible effect of the - small -spatial.

(1968), cOmparlson of. simultaneous’ 11ne—of-51ght slgnals '“Lﬂ[
-at 9.6 and :34.5 GHzZ, ERLTM—ITS 152. ~IEEE Trans- Ant. UL

“land Prop.' AP- 18, No. 4. . ; _ - s

Slgnals at 9. 6 and 34 52 GHz propagated s1multaneously over"’

a slant, llne-of—31ght, overwater path are analyzed. The ]

Phase data at the two radio frequencies -exhibited nearly

identical power spectra from 0.01 to 5 Bz and very hlgh__'

‘coherence 'from 0.01°to 0.1 Hz.; The coherence dropped

_7rap1dly above 0.1 Hz and was in most cases less than 0 4

,above 0 5 Hz..

. e

The power specfra of fadlng were s1m11ar in shape at: the -

- two fredquencies, but the fading spectral density from 0.1

to 5 Hz was consistently higher at 34.5X GHz than at.9:6

"GHz. -:The.shape of the. coherence function for fading was

sim¥iar to that of the correspondxng phase coherence functlon,
- but the fading .coherence was lower at the low spectral .

separatlon of ‘the propagatlon paths on the coherence analysls‘

1s dlscussed.
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75 Janes, H. B., and.M. C. Thompson, Jr. (1966), Observed - -
phase-front dlstortlon in sumulated earth—to-space -
SRR ,rmlcrowave transm1551ons, NBS Tech. Note 339.

T c ‘Ah experlmental study has beén made of the tlme and
- *"space statistics-of the- phase-front distortion of': .
microwave signals sent‘from a ground termrnal to an"
' elevated termlnal “These ‘phase-front characteristics
. are important in systems invalving phase measureménts.,
- between a ground station and a moving airborne or
.Space terminal. To isolate atmospheric errors from,_' 5
. random motion' of the upper terminal, the latter: was ' ol
"~ simulated by a serles of: mountaln-top a@tenna arrays. o
A ._w,:Phase-front dlstortlon was. analyzed in terms of time
IR variations. in radio range on a 51ngle path'and,ln_frrst‘
- ‘and second range differences, from pairs of paths. " The _
'u_-_-ﬁcross—correlatlons of (1) -range variations-on adjacent
.. paths, and (2) range dlfference variations on both:
- adjoining and separated .pairs of paths’ are‘lnvestlgated
. including the .strong dependence of correlation: on the
.-~ portion of. the power . spectrum 1ncluded in- the data.
-7 ,The-effect of the. mountain-top terraln on: the. spatlal
o _.’1homogene1ty of the phase-front. was ' examlned and -found -
.. '/7.to be insignificant. A diurnal’pattern . in the variance
'7-;of 15-minute’ range dlfference samples was. .observed, E
-, with minimum wvariance in the early mornlng hours.h
E This pattern was not observed: in the. range varlances, , -
- nor were the: range and range dlfference variances ____--_3.
T ~51gn1f1cantly correlated with ‘réfractive index, air o
temperature, pressure or w1nd speed data at the lower _ g
‘.termlnal., e AT L

~
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76. 'Janes', H. B., and. M. C. Thompson, Jr. (1965), Observed
C ~;-;-phase-front dlstortlon in simulated earth-to-space ,
.. .~ . . microwave transm1331ons, NBS Report 9140.._(L1m1ted o

D »avallablllty ) - : - _ . RO

,'An experrmental study has been made of the tlme and space

T-Statlstlcs of the phase-front dlstortlon of mlcrowave»slg-
.nals sent from a ground terminal.to an.elevated terminal..
‘These phase-front characteristics- are important in sys-
tems 1nvolv1ng phase measurements between a ground station
and a: mov1ng alrborne or space termlnal. To 1solate S

.o -~ . .« - . .-
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,hatmospheriéﬂerfors from random motion of the upper ter-
' .minal, the latter was simulated by a series of mountain~ '
. "top .antenna arrays. . Phase-front distortion was analyzed
- in‘terms of time variations in radio -range on'a single -
o - path ané in first and.second range differences. from pairs
-~ - .~ of paths. The cross-correlations of (1) range variations
- on adjacent paths, and (2) range differencé variations
-~ - on both adjoining-and separated pairs of paths are
-, investigated,; including the:strong dependence of cor-
- . relation on the portion of the power spectrum included
~in the data..” The effect.of the mountain-top terrain. '
- on the spatial homogeneity of the phase-front was examined
and found to.be insignificant. A ‘diurnal pattern in the
variance of 15-minute rangk difference samples was observed
- with minimum variance in the early morning hours. This |
. Ppattern was not observed in the range variances, nor were
"~ the range and range difference variances significantly -
- correlated with refractive index, air temperature, pPressure
o or wind speed data at the lower terminal. - = S
_ . 17.. Janes, H. B., and ‘M. C. Thompson, Jr. (1964), Preliminary
... . - report on. experimental studies of atmospheric errors in
.+ microwavé tracking systems, NBS Report 8237. -
- A''series of experiments is described which were designed
- to study certain errors contributed by the atmosphere
.- . in range and_rangeydifference_(angulariposition).measure—
. ments made with baseline-type microwave missile tracking
" systems. Resitlts of 2 preliminary analysis of data ob-
* . tained during the summer of 1963 are presented along with
@ brief discussion of plans for further analysis of these

 and’ subsequent ‘measurements. = . .
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 .784;§Enning$,m3£ D;{gL. E:;Vogier;“and,J.'J.fStephenson (1976)r
. Statistical frequency=distarice curves, initial model,’ -’
OT Report’ 76-84., ..~ . - = R

- This report describes an initial computer. program that .
.. produces statiSticalwfrequency~distance curves. The com-
. puter program has been developed as a tool for use by

the frequency managers' community of OTP/IRAC. . . .




- The statistical frequency-distance curves estimate the
- minimum distance separatior that is required between
- a-victim receiver and“an interfererer as a function of the
,%xf:equenchOffset—betWeen"them, - The curves are parametric
o in.the'probability70q;perqent of time that interference is
. . 7 permissible. The-model .uses statistical variations in
' - -antenna gain and propagation loss to compute the probability
: “Ainterference. . Appendices of the report describe the T
. propagation .loss and antenna gain models and . the method
“used to combine them to produce the statistical frequency- -
distance curves. Operating instructions and several . -
sample applications also are inclided as appendices.

79. Jennings, R. D. (1972), Electromagnetic compatibility of
' collision:avoidance systems with proposed maritime
.satellite  and aercnautical satellite systems, Office ,
of Telecommunications Tech. Memo. 110 (limited availability).
- Conclusions:: e
. Y., Spectrum splatter from a time-frequency CaS can
cause. interference tc the MARSAT system's shipboard

_receiverSiandjto;the.AEROSAT-systemfs_éircraft-receivers-
on other -aircraft at 'spatial separations less-than = -
-~ about 117 nmi. Akout 100 dB.isolation is. required -
- between systems on' the’ same aircraft. - S R SR
- 2. - Spectrum splatter from a transponder technique CAS
‘(SECANT)\will'not_cause*harmful'interference1to the §
- MARSAT system's aircraft receivers on the same and/or.
. Other aircraft. 0 T EEE TR
" 3. - Neither CAS will-cause harmful interference to the - -
Coae Asatellite,receivers~due;té-spectrum;splatter;orxspur+j & S
< . ious emission. .. . oo T ’
~ 4. CAS spurious emissions which are reduced to a level;
-~ 80 dB less than the fundamental emission can- cause in-
* terference to the MARSAT system's shipboard receivers
. ~when separated from a time-freguency CAS by less than’
~12.5 nmi 'or from a- transponder. technique CAS by.less -
5. Spectrumusplatter'from-a-satelliée'trahsmitter*of_‘“

either ‘system Will not cause harmful interference ‘to the -

collision-avoidance system's receivers.




-8b. Johler, J. R. (1973), ‘The 1mpact of the chorce of frequency and L_
' modulation on radio navrgatlon systems, Conference . = T
sponsored by Institute of Navigation with part1c1patlon -

g ! - -
~

of Office of Telecommunications- Pollcy, Executive. Offlceuw.

A of the Pre51dent, Washlngton, D. C., November 13-15.

The chorce of freéuency for radlo naV1gatlon is a subject
of considerable depth and is inextricably intertwined with -

frequlrementf for range, accuracy, rellablllty, cost and

impact on competltlve services using radiowaves. The basic
information for passing ‘judgment on these items comprises -

~ the limitations lmﬁosea by nature on the system. These.

of radio waves.

We note in partlcular that. great ranges and hence 1arge

‘coverage areas can be obtained at opposite ends of the
' spectrum in tlHe OMEGA and SATELLITE systems. We'find

that great’ accuracy is accompllshed with the ground wave

. propagation meéchanism in the form of LORAN-C and LORAN—D.

We observe that the choice of modulation is critic¢al if -
hlgh accuracy of posrtlon is an objectlve or requlrement.n

“We .conclude that the most 1mportant srngle subject bearlng

upon the ch01ce of frequency concerns the propagation of
the radlo waves that the navrgatlon systems utilize.

~

81. Juroshek, J. R. (1976}, Performance of dlgltal modems with

1cochanne1 1nterference and gaussran norse, OT Report 76— 82.-

H.An approxlmate method for estimating the performance. of

~ digital systems operatlng with cochannel interference and
Gaussian additive noise is described in this report.

“The method uses Monte-Carlo techniques and an approxima=- .
tion, based on the geometrical characterization of srgnals, o
-to estimate the error rate of a'variety of digital I

. systems as a function of signal-to-noise ratio and 51gnal-

':_to-lnterference ratio. Curves ‘are presented that show
excellent agreement between the estlmates and theo—

retlcalgpredlctlons at symbol and bit error rates as low

“as .10 .- Computer programs are included that estimate

error rate .for multiphase- coherent phase-shift keyed

. (CPSK), noricoherent frequency-shift keyed (NCFSK), -

differentially coherent phase-shift-keyed (DCPSK), and.
coherent .amplitude-phase-shift keyed (CAPK) systems.

. The programs: can handle- single as well as multiple co-—-
. channel 1nterference, and. examples are glven that show
*ferror rate in both enV1rcnments. : :

“ntt42f:4é;i f4'}"'t

3

limitations are the 1aws of phyS1cs governlng the propagatlon :

-
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82 Juroshek, J. R., P M. NcManamon, M. hesenbergs, and D A.

.

Hill (1974), Study of. satelllte frequency requirements

for the U.S. postal service electrénic mail systen, .

:belume IIT, Technology studles, oT Report 74-27.

'_Optlmum frequency allocatlons are recommended for electronlc‘u
. mail’ distribution by digital data transmission from a geo-
-‘statlonary satellite to 125 locations in the continental

United ‘States, 2laska, Hawall, and Puerto Rico.: Freguency

" -allocations for the flxed—satelllte service from 4 GHz
" to 50 GEz have been. reviewed 'for 700 Mbps transmission

rate.. This ratée was estlmated to be sufflclent +o enable

' the ‘distribution of an average of 82 million mail pleces

per day. P01nt—to—p01nt digital data transmission requlre- .

“ments have been investigated and system performance

requirements outlined. The influence of. these require~

qrments as well as network de51gn on the selection of an
-optlmum frequency allocatlon is demonstrated. '

This volume ;ncludes reviews of satelllte frequency allo—'
-cations, restrictions,.and réquirements. The performance

of a number of candidate network designs, the state of the
art of existing and ‘proposed ‘satellite telecormunication.
systems, multipl€ access techniques, power tubes, modems

"and antenna systems are described. Propagation effects,
1nc1ud1ng.ra1n attenuatlon, ‘are summarized and are 1ncluded

in determination of requirements .for satellate EIRP and

‘ground statlon antenna dlameter.

33 Juroshek, J R. (1970), A brief analysis of. FSK, MSK, CSK.

and pseudo-random signalling technlques, oT Tech.
FEmo. 17 (llmlted availability). :

A brlef survey of the avallable llterature‘was made '

to. determine the . performance cof four phase—contlnuous,
dlgltal 51gnalllng techniques. - The first three tech- -
nigde (FSK, MSX,. and CSK) are described using a geo- -

' metrical approach to the classification of signals,

while the fourth technigue (pseudo—random-modulatlon) -
is analyzed in terms of the correlatlon coeff1c1ent Co

between the two blnary 51gnals. ST . : a,_ fic

84 KlSSlck, W. A, and D. N. Rebol (1977),_"0rbitiprints"—4

f” due to a terrestrial emitter: A program descrlptlon,
'fproposed OT Report lin preparatlon) S

contours of power density at the geostationary orbit

-'7The theory is developed to. calculate .the power den51ty
-~ at’ (6r near) the geostatlonary orbit due to radlatlon
from.a terrestrlal emltter. ThlS development assumes

49
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_ free—space propagatlon ‘and the geometry 1ncludes an‘ar-a'
“bitrary direction for the emitter antanna aim. The .- -
computer program does the above calectlations for an array
" of points .on a region defined on the inside surface of :
~. the .sphere " that contains the geostationary orbit. This
array of power den81ty values, when contoured at constant
- levels, is the primary output of the program.’ Several
antenna patterns are. included as stbroutines for the’
- .terrestrial emitter. = The program-was_ de51gned to run-
- " on the CDC 6600 comnuter fac111ty ‘at ‘the Department of
'f_Commerce, Boulder (Colorado)' Laboratorles. S

85 Llebe, H. J. (1975), Studies of oxyden and water. vapor
- -microwave spectra under simulated atmospherlc SR
condltlons, OT Report 75-065. Sy a

-

-

L Atmospherlc radlo wave, propagatlon in the 40 to
* 140 GEz band is$ influenced . by microwave spectra of
! ;oxygen (O--NS) and water,vapor. The report treats the

: complementary roles of controlled 1aboratory experl-

. ments and computexr. analy81s for providing detailed -

- molecular transfer characterlstlcs.‘,A,pressure-scannlng
o dlfferentlal refractometer was operated at fixed fre-.

..y ... "duencies ‘between 58 and.61.5 GHz. The variability of-

’ g 02 and Héo spectra w1th frequency, pressure, tempera—

lf.- ",Iture, and magnetlc field: strength was studied under
- conditions which occur ‘in the atmosphere. Results

‘_fobtalned (a) for oxygen and. air - on the 9 line, the

‘;37 /5 and 3 /9 doublets, and the contlnuum spectrum and
" (b) for water vapor on nonresonant - effects are reported.
The experimental 02-Ms data are used in- theoretlcal

. analyses of attenuation and dlsper51on rates Whlch are
. extended to other lines, to fregquencies identified: for
- ’,remote sensing appllcatlons, and to.temperature and .
IR _;preSSLre sen51t1v1t1es between AO andfldo GHz. P

-~

. 86.. Llebe, H' J. (1975), Mblecular.transfer characterlstlcs of
- . ailr between-40 and 140 GEz, IEEE Trans. Mlcrowave Theory
;7. Tech. MTT—23, No. 4, 380~ 386. R " D e
_Radlo wave propagatlon 1n the AO—lAO—GHz band through the
-~ f£irst hundred. kllometers of the clear atmosphere is -
-,stronglv 1nf1uenced by many . (>30) lines.of ‘the oxygen
microwave spectrum (O -MS) and to. a ‘lesser extent by.

‘water vapor-. A unlfled treatment of molecular attenuatlon
-_land pPhase dlspers1on is: formulated whereby results of

RIS . o ~
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| :m°le¢ﬁ1ﬁr'PhyéiCSVare"fréhsiéied'into frequency-, .
" temperature-, and pressure-dependencies. .The propa-— .
gation_factorS'are"deVeloped for’oz'continuum-quh <10 km)-u:

- and line-- (h > 20 km) spectra taking into account
- pressure-broadening (h < 40 km), Zeeman-splitting -
- (h > 40 km), and Doppler broadening (h > 60 km). The
: influence of water'vapor is discussed briefly. ..The - -
filter characteristics of dry air are evaluated for . . . _
/quariou5“pa£h'models,“]ﬂxamples;of‘combuteﬁ"plbts of
‘attenuation and dispersion rates are given as ‘a\function
of altitude hifdrfhomogeneous;;zenitp) and tangéntial . ’
path geometries through the 1962 U.sS. standard atmosphere.

z

and phase-dispersion between 40 and 140 GHz for path E
models.from_different altitudes, O?-Report.?B-lO,

f_87, Liebe, H. J., and W. M. Welch (1973), Molecular attenuation

el

Radio wave propagation in the 40 to 140 GEz band through.
the first hundred Xilometers of the atmosphere is | ,
‘strongly influenced by the microwave spectrum of oxygen
(O,-MS) . A unified treatment of molecular attenuation

and phase-diéperSion is formulated. Results of molec-

ular physics are translated into frequency, temperature,.’
pressure, and'magnetic'field'dependencies,of'a complex
refractive_indgx.f The intensity distributién of the

- 0,-MS undergoes several changes with increasing altitude: -- ..

when h <10 km, all lines, but one at 119 GEz, are
merged to a continuum spectrum under the influence .of
‘Pressure-broadening;-when' h > 30 km, a line spectrum
" 'with i<olated Lorentzians-is4displayed;}when,h->’40-km},
- Zeeman=-splitting of e&cH?line*dCCursqdutho_thefinflu;,f:
- ence’of the earth's magnetic field; for h->.60km, a -
- Voigt profile governs the.trarsition to a Gaussian . line
~ 'shape and’ eventually the’Dopplérhbroadened‘line spec-
trum vanishes. The influence of water vapor is dis-

cussed separately. .

».__Attenuation and dispersion rates for path models are -
- revaluated by computer routines. .Examples of computer.
-~ plots are given as a fundtion of altitude for. homo- -
< gj;geneous;'zenith,fapd,tangentiél path geometries. Molec- . - |
' " ular resonances: of minor atmospheric .gases are discussed . A
- briefly, as in-the noise which originates from theTOZ—MS,

0




- 88 ., Liebe, Eans J. (1969), Laboratory studies of microwave dispersion
" . caused by- atmospheric gases, Summaries of Papers, Symposium
on ' Atmospheric studies 'to Satellite Trans., Sponsored by -

,'IohoSpheric'Physics Lab;;}AFCRL},Boston;,Mass,i'Séptémbér J

- 3=5, 1%69. - -0, o :

. i

-

.The propagation of radio signals through the earth's .

. atmosphere for frequencies beyond about 15 GHz is strongly:
affected by molecular resonances of water vapor, oxygen, -
by a residual contribution of the-eqtire;HZO‘and O2 spectra
extending into the far-infrared, and possibty by some R

. -+ Pressure-inducéd polarization in water vapor. Spectro-

" scopic laboratory studies. provide knowledge of line shapes,.
+of the temperatire and pressure_depeﬁdenéé.ofjline para-,' '
-meters, and of nonresénant:background;effects'Qf\concerq

in the "window" regions.” - - _
'fThe'aisééréomeﬁe;Iwas‘firét,appliéd?tozinvéétiga;e[tﬁg a 3
.. .self anq”?oreign[ga55broadeningLpropertiesfof the water s
" vapor lihe,"Precise.measurements'of_foreignfganpressu;e
,broadening,have~béen7pe;f¢rmedzén§;the results are given. °
-- ,Labdfatory'éxperﬁmehté-have p?oéided thé,spectroscopic o
; 3 parameters necessary to,calculate'theiattenuation'andv»
~ 77 dispersion caused by the 22-GEz H,O line.  The integrated "
[ " resonance dispersion was calculated in 0.2~km'inCIements'-

"for a simple vertical path modeI and using the .Gross shape - :

" function, and the results are presented. Finally, a pre-
;rliminary-resultGEbr pressure-induced dispersion is given for - s
~ water vapor between 11 and 22 GHz. Lo e L S :
. N Y . . . - - N

.89, Linfield; R.F. (1975), Simulation of avionics line-of-sight - - . .-
-radio t:ansmissibn'channelS:OT/TM.75f204t(limited_aVailability}._

.., As the state of communication technology advances, there is
. ,.an increasing interest in developing real-time transmission
channel. simulators capable of reproducing multiplicative™
effects of the propagation medium. Such simulators permit
System calibration, Checkout;randiperformanﬁe comparison
to be made at considerably less cost than on-the-air -

. testing. Meaningful simulations can only be obtained, T
‘however, if the characteristics and perturbations of real'- ... .:

channels_can-be;reproddbed~accurately, réliablyfvand." ;;_

. repeatably. - .. ... . _ e _ _ \b.;éﬂﬂ ‘

.This tutorial report discusses;sdﬁeibasic1c0nce§t9‘fqr~f“f.-;
simulating - the multiplicative'andjconvblutional1di§turbances_
,son'aVidnics'line#of-sight[transmissidn channels in frequency
* "bands from .240 MHz to 38 GHz.. - The principalusystemsjbf" S
concern are digital data linkscbetween,girborpe&terminals_and~

-thg;grqund"oryto“sygcthQOus;satellitggyjy.3-5»
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90. Lucas \B L, and G., W. Haydon (1964), Prellmlnary fea51b11rty
study of Apollo. Spacecraft to earth EF transm1SS1ons, '
,_NBs Rep‘crt 8716. ,
fMaxlmum Usable Frequenc1es (MUF), Optlmum Traffic -
Frequencies (FOT), and avallable signal-to-nocise =
. ratios as calculated by. an’ ‘electronic computer.are”
used to estimate the expected 51gnal strength of high
frequency transmissons from an. Apocllo spacecraft to
selected earth terminals. iurnal ‘and geographic con-
tour charts of -expected sfggal—to-n01se ratios are
.shown for summer and winter 1n a perlod of moderate -
jsolar act1v1ty (SSN 50). , . _ .
e TR e SRR
91. McManamon, P.M. (1976), Network capacity and queue aspects of :
' USPS electronic message systems, USPS 1702 114. nTIS Access..fj
No. PB-252 690/3WZ., N . o - .
N . 9 . .
a geostatlonary orbit satellite communications network
is. developed parametrically for 125 station. appllcatlon
to USPS:Electronic Message .Service.' The satellite is
- based‘on the Atlas-Centaur launch vehicle with a 9-zone
- antenna coverage. of the continental U.S.. Other multiple -
zone configurations are -considered. Earth. stations with
5:0 meter diameter antennas are assumed to have a total
average traffic load of 91,312,000 messages/day. The.
-queueing analy31s is based on dth-order Erlangian arrival
" and service statistics with an- average bits/mesSsage - N
considered parametrically up -to. 1,200, 000. Message L=
. delays are presented.parametrrcally so that the results.
- for networks up/to 123 stations and traffic. lodds up to
-.100,000;000 messages/day may be evaluated. For 123 -
- stations ang 617,000 bits/message, a nearly state-of-the-ar
-'single satellite ‘network appears feasikle to support a e
91,312,000 messages/day traffic load with average message
'transmlssxén delays of 2.5 seconds/message or less. - .

8 . :
: . : . RS

92 McManamon, P M. (1975), A digital- telecommunlcatlon conver51on
model for electronlc .message mixtures, U.S. Postal SerV1ce
_Report, Aprll. NTIS.Access. No. PB 252 -183. -

A mathematlcal model: is developed to estlmate the dlgltal

" bits/message for message mixtures: which. arrive at a digital
telecommunication network station. for conversion to electronic
- messages and transmission. Dlgltal dasanon tape or. cards, ‘ _
and alpha-numeric and graphic messages oiv paper, are assumed,;-~
to be converted to digital bits by one of five conversion
processes; digital data, character reader, ‘black and white
graphic. blnary or N—ary, or color graphlcs. The,model




93. McManamon, P. M., R. K. Rosich, J.pA. Payne, and M. J. Miles -

94,

. allows parametric studies and incorporates the message .
. sige.reductions from data compressibd)tebhnology;. Results {

- LT
o ! ) ’ : \\
. .

-

 are given for the mean, standard, deviation, and probability

"“fuﬁdtiOns;of the nﬁmber-df'bitS/meSsage for 11 mixture

< -
’

cases for 3 different sets of data compression ratios.

‘Graphics scanner resolutions from 50 to 600 lines $er inch

are considered. - .

.- B

{1975} ;- Performance criteria for digital data networks, -

~."OT Report 75-54.: .. . L o .

-There isfa'ﬁeealfor a "user—orientéa"_abproach'to the

‘devequmEntVofﬂtelecommunication network. performance - _?"
criteria. This report uses a survey of presently ac- -

"ceptedfengineering-orientedjperformance criteria as a

‘vehicle for the logical development of, such a user= = -
‘oriented -approcach. On the basis of this survey, a set *, ;: "
of-uSerforiented'performance'érieteria_i§4ﬁ@¥glpped;andimW;_fm;;

- related to digital data transmission networks- in general. -

The set of criteria is compared to the ANSI and another ,
recently proposed set of performance measures: Lastly, i
the results of a simulation of these criteria are pre- - .

sented for a’ simple net&ork.as_an1illustrative example. C e

. The user-oriented pérformance criteria -are accessibility,- =~

accuracy, delay, éfficiency;.:eliabi%i;y,fse¢urity,_
and transparency. . . L 0 TTT L0

Mcﬁanémon,iPétef'M. (1974); Study of'Saxellite:fréquency‘reéuife—

Volume 1, Summary, OT Report 74-27.-

"

ments' for the U.S. Postal Service electronic mail system,

¥

Optimum frequency allocations are. recommended for elec—. -
"tronic mail distribution.by geostationary satellite - '

digital data transmission to servie 125 locations in the
continental United States, Alaska, Hawaii, and Puerto Rico.
Frequency allocations f£or the Fixed-Satellite Service from . .
4 GHz to 50 GHz have been ranked in preferential order on.the
basis of frequency allocation restrictions, feasible network
designs using available satellite and earth station technology,
conversion of mail pieces to digital data, system performance
requirements including a bit .error probability of ‘1x10 }2, .
and expected frequency assignment limitations. ' A 650 46 700

‘megabit/second transmission rate was éstablished for distri-.

bution of an average of 82 million mail pieces per day. The

' relationships between a definition of-an electronic mail

'~¢service,.system performance . and requirements and selection B ?-§
~of-an optimum frequency.allocation have been cutlined? ‘ L
' s . ‘ ' D
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- 95. McManamon, P. M., J. R. Juroshek, and M, Nesenbergs (1974), 3
Study of satelllte 'frequency requirements. for the U.S.
L postal service electronic mail system, Volume II, Frequency
vallocatlons and network de51gns, OT Report 74-27.

Optlmum'frequency allocations for electronic mail distri-
- bution by geostationary satellite digital data transmission
to serve 125. locatlons in the continental United States,
_Alaska,. Hawaii, and Puerto Rico are considered. Frequencym“;wm
allocatlons for the Fixed Satellite Service from 4 GHz to )
' 50.GHz ‘have been reviewed on the basis of restricitons,
" negwork de81gns with available technology, conversion

of mail pieces to dlgltal data, system performance requlre—'

ments 1nclud1ng a bit error probablllty~of 1x10 12,

/' -and expected frequency assignment limitations. A 700
megabit/second (Mbps) transmission rate was established
for distribution of an average of 82 million mail pieces
per day. The relatlonshlps between a definition of an
electronic mail service, system performance and reguirements
and selectlon of an optlmum frequency allocatlon are outllned.

ThlS_Volume summarlzedvthe avallable frequency allocatlon
: restricitons and -limitations. Candidate satellite tele--
- communication svstem networks are described with dlfferent
' time' division, freguency division, and spacg division -
multlple access techniques with both pre—-agfsignment and.
demand-a551gnment operating protocols. Network transn1551on L
rates including overhead bits and network performance :
. estimates are developed. Error control techniques are
# v included in performance estimates. for satelllte power and
-ground station antenna dlameter. : .

96- NcMananon, P M.,ﬁU ‘R. Juroshek, and M Nesenbergs (1974), - .-~
Dlgltal ‘data satellite systems, 1974 IEEE International ’ -
- Conf. on Comms .. (ICC 74), Mlnneapolls, Mlnnesota, June R
- 17-19. - 5 , _"[ e
_ » . e : _ N . :
-leed—gatelllte Serv1ce frequency allocatlons from 4 Ghz
"to 50 GHz have been investigated for 700 .Mbps dlgltal data
. satellite transmission from over 100 earth stations an -
\/the United States. Nine candidate Satelllte networx§ 12 ;;fk';
ve been evaluated for bit error rates as low as 110 -
based on’ currently available technology and u51ng _.earth ° }
-7 v station antenna diameters as sSmall'as 10 _feet. leferent
2 time division, frequency division, and space-division , .. .. .
o mult;ple “access technlques have been investigated along . F
" with error contrél cogdng.._”he effects of rain-loss S
;attenuat;on were inck S SR a
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- 97, McManamon, P. M., and W. F. Utlaut (1973), A survey of techn1ca1
requirements for broadband cable teleservices, Vol. 5,
System 1nterconnectlons, oT Report 73~ 13,-Vbl 5, =
- COM~73-11590.

The 1nterconnectlon of ex1st1ng and future CATV ‘
systems for two-way. transfer of audio/video and dlgltal (/\
data 51gnals has been surveyed. The concept of inter-
R connection is explored..relative to existing and pro- = -
T T T posed CATV systems and broadband teleservice networks,
‘common carrier services, facilities and growth projec-
. tiops, and $he technical-economic state-of-the-art of
. the required technology. mhe need for interconnection
- is reviewed. " Satellite and line-of~sight microwave '
_transmission in addition to digital versus analog trans-
mission systems, aspects are considered in terms of
1nterconnectlon. Some potentlally 51gn1f1cant queuelng
. problems are identified. - . ‘

98 McManamon, P. M. (1%/3), GOE= data collectlon system per- o
' . formance estlmates, OT Tech. Memo. 73— 125(11m1ted avallablllty)

This report .p-e: 2nts performa:ce estimates and recom~-
‘mended measursments for the irnterrogation and data

reply transmissions between th= remote Data Collection . -

Platform Radic Sets and the Cc-mand and Data Acquisition’ SR .
- station through the GOES transoonder. Transmission loss~" - B
‘les with- 1onospher1c scintilla*ion fading and multlpath, , :
man-made. n01se, crosstalk- and 1ntermodulatlon are in- ﬁt'

cluded to give carrier-signal-energy to noise-power.

density ratios over the GOES- ggographlcal area of cover-

age up to central angles of 70 < :

-

99..M1ddleton, D. (1976), Statlstlcal—thS1ca1 models of man-
- ...+ made arnd natural radio noise, Part II: first.order proba- ,
b-llty models of the. envelope and phase, oT Repoft 76—86. R
@ {
Most man—made and natural electromagnetlc 1nterferences are
hlghly non-gaussian random processes, whose degradlng effects.
- on system performarce can be severe, partlcularly on most
.. conventionalsystemsgs which are designéd for .optimal or
..%.7 . near. optimal performance -against normal noise. In addition,
- the hature, . orlglns, measurement angd. predlctlon of - the general
- EM interference environment-are- a.  major concern of:an S -
‘adequate spectral management program. Accordingly, ‘this. ,,"2'
second. study In a continuing series (cf@ Middleton,. 1974) L
. 'is devoted to the development of analytlcally tractable,
. experimentally verifiable, statlstrcal—phy51cal models of ‘
- such, electromagnetlc 1nterference._' - T ~:_"

o -
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T Here, class;flcatlon 1nto'three major types of noise jis.

made: Class A’ (narrowband vis-a-vis the receiver), Class B
(broadband vis-a=-vis the receiver), and Class C (=Class A +
Class B). First-order statistical models are constructed
for Class A and Class B cases. In particular, the APD
(a posteriori probability distribution) or exceedance
Probability, PD, of the envelope are obtained. These

___Tresults are_ canonical,_i. ey their analytic forms.are. 1nvar—4~
iant of the particular noise source and its quantlfylng .
parameter vg ues,_l ls, etc. Class A 1nterference is ‘de- i
scribed by a 3-parameter modél, Class B noise by a 6-parameter-
‘model. All parameters are deduclble from measurement, and -
like -the APD's and pdf's are also canonical in form; their
structure is based on the general physics underlying the -

' propagatlon and -reception processes_ involved, and' they, too,

'~ are invariant with respect to form and occurrence of par-
tlcular 1nterference sources. :

100 Mlddleton, (1974), Statlstlcal-phy51cal models of man-made’
~radio nOlse, Part I.  First-order probablllty models of the
1nstantaneous ampl;tude, OT Report 74-36. .

A general. statlstlcal-phy51cal«model of man—made n01se
'processes appearing in the input stages of a typical
.- -receiver is described analytlcally._ The flrst-order o
. statlstlcszgf these random processes are developed in detallf,
- 7 for narrow- d reception. These include, prlnCIPally, R
- the first-order probability densities and probability
© ° distriButions for a) a purely 1mpu251ve (poisson) process,
*+. and b) ah additive mixture of a gauss backgronnd noise and.
‘_‘1mpulsive sources. Particular attentlon is given to the
basi¢ waveforms of the emissions, in the course of propa-

b

gation, including- such critical geometric and kinematic o g
- factors as the beam patterns of source and receiver, ;
mutual location, doppler, far-field conditions, and the. o ,//

T F_'-_phy51ca1 den31ty of the sources, which are assumed ‘inde-
pendent and poisson distributed in space over a domaln Ae

» -

_Apart from spec1f1c analytic relations, the most rmportant
~..-., . 'general results are that-these first-order distributions
-~ % . 7 are analyticéally tractable and canonical. They are not so
o complex as t0 be 'unusable in comnunlcatlon theory application;
‘they incorporate in an exp11c1t way the controlllng phy51ca1
parameters and mechanisms which determlne the actual
. radiated and received process; and finally, they are formally
- T.1nvar1ant of the particular source location and dens1ty,

" - waveform emission, propa atlon mode, etc., as long. as the

..7» . received disturbance is n row-band, at least' as it is-
©.. '+ passed by the initial stage “of the typ1cal recelver.‘

| S =
1
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The de51red flrst-order dlstrlbutlona are represented by
- an-asymptotic deVelopment, with additional terms dependent
of the fourth and highér moments of the. basic interference
. wayveform, which. in turn progre551ve1y affect the behdvior
at the 1arger amplltudes.

‘This flrst report constitutes an initial step in a program

to provide workable analytlcal mode;s ‘of the general non-

77 T gaussian channel’ ublqultous in practical communications _
-applications. Specifically treated here are the important
- classes of interference with bandwidths comparable to {or
- . less than) - the effective aperture-RF-IF bandwidth of the
- receiver, the common situation 1n the case of communlcatlop

- 1nterference."

e

101. Mlddleton, ‘(1970), Electromagnetlc 1nterference by scat—“7
. terlng from clouds, NASA Contract NAS-12-2219.

A flrst—order electromagnetlc scatterlng model for atmo-
spherlc clouds is constructed, in order to assess guanti-.
tatively the interference such scatterlﬁg may introduce .
into communication links not connected with the primary

;\transm1531on mede. For the latter it is also .desired to

- "determine the.role of such: scattering in attenuating and.
S fcorruptlng the transmitted signal. For an adequate treat-
.- ;.. - ment it is essential to\obtain explicitly .the scattered
- (and any ducted) waveforms observed at the receiver and
- to determine as well fhelr energy and other appropriate
statistics, e.g.; the covariance functions of the re-
ceived waves. Geometry plays a critical part in such

. -problems. not only the relative geometries of source,

o recelvers, and scatterers (in the cloud(s)), but‘also the
transmitting :‘and receiving beam patterns. These fehtures
must be. explicitly incorporated into -any criterion for
measuring 1nterference effects in the communlcatlon '

process.

This prelrmlnary memorandum ogtllnes and lllustrates wzsh
some detailed examples and results: . :
(a) the first-order scatter model, in the blstatlc

: situation
(b) (optlmum) receiver performance under such scatter,

in the particular case of (slow) Rayleigh fading of
‘a desired (determlnlstlc) 51gna1, 1ncoherent1y :
recelved. ",~ _ , : Lo

.~

Enough’ technlcal detall is. prov1ded +o 1nd1cate tHe: eref-o“
A ments that must be considered for an adequate ana1y51s o
-_and gulde to, an? 1nterpretatlon of, experlment.r T

.

. L '.> ] R

LA



L'

102. Miles, J. (1975), Analy51s of a digital telecommunlcatlons
: sage model. U.S. Postal Service Report, Aprll -NTIS Access.‘

No. PE 25?-184.

. The general expresﬂton for the probabiiaty density function .
‘of the number of bits in 'a telecommunications message 1is .
derived. Some key random phenomena are assumed to have
-the normal distribution, and their- distribution parameters
. -, are assigned plausible values. The expressions for the
—_mean and standard -deviation-of bits per -message—are derived: — -
The number of pages/méssage-is assumed t6 have the Poisson
istribution" ‘truncated at zero, ‘dand. the . resultlng dlstrlbutlon

1s examlned.

103. Natlonal Bureau of Standards (1958) + Areas of mutual interest

. between NBS-Boulder Laboratories and the National Aero-

' nautlcs and- 5pace_Adm1nlstratlon, an NBS Report (no number)
ThlS report describes -those technlcal act1V1t1es in which

' - the Boulder Laboratories are already contributing to the - -

s 'objectrvesideflned for NASA, and /proposes. new activities - o
' - which are in the currently defined objectives of the ™ -

~ Boulder Laboratories and which will contribute-in a major

. way to,’ the objectlves of the NASA S . , :

B

o oy B . :
104 Nesenbergs, Martln (1975), Study of error control COdlng
for the U.S.-P6bstal Service electronlc message
.system, U S. Postal Service Report,NTIs Access No. PB 252~ 689..
, 'A U S. Postal Serv1ce (USPS) electronlc mall system g
* . could incorporate many types of error- control codlng,. : '
~or no coding at all. This report reviews a varlety '
- of possible codes, lists their advantages and » - . '
dlsadvantages, and selects a preferred alternatlve. ’ .
It turns out to be a concatenation of an inner

™

convolution {(rate 1/2 to rate 3/4) code with - - . . - .
* Viterbi- decoding, and an outer ilong block, hlgh R .

efficiency code. The two codeé have ‘Separate -' -l 7

functions, in the sense that the inner code’ per-’.“&ifj‘

“forms forward error correction and the outer code .= - -
. does error detection only.k The .report describes T:,a‘ '
the structures, propertles, and implemeéntations of ° o :
- the coding hybrid. After that, the performance of . . .7
.. - the preferred,codlng scheme is timated. The =~ = . . . .
> 7 . resultant error: probability galn ‘'which are o ’
L shown to be corfsiderable; are balanced against, _
'system srowdown and* bandw1dth expan51on._:g BT

t. . . . : . . ) . N
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105. Nesenbergs, M. (1975), Sclntiliation channel characterization

and MPSK performance estjimation, 1975 IEEE Interhational
Conference on Communicat™ons CICC '75), San Francisco;
CA., June 16—18, IEEE Cat. #75-CH-0971 2 CSCB, 15/1 15/5._

Relatlvely famlllar theoretical technlques seem applicable -
to assess the ionospheric scintillation effects on sat-

ellite data link performance. We review one such error

. probability expansion. technlque,»well -suited-for- digital--

computation, as it pertains to a Fultlple—Phase-shlft
Keying ‘(MPSK) modem operating in the 1 Mb/s to 1 Gb/s

range. Unfortunately, the usefulness of the ‘technique

suffers for lack of adequate characterization of the scin-
tillation medium. Factors like correlation bandwidths,

- power delay spreads, probabilities of amplitude and’
phase excursions, etc. appear only vaguely known. Real—-
. istic and reliable scintillation statistics are desired to

estimate the achievable data rates and performances on

proposed satelllte channels.

10& Nesenbergs, M..(1974), A first look at certain wideband

107.

© e

detection problems OT TM 74-175 (limited avallablllty)

Consideration is given to a wideband detection problem '

-~ where the number and’' structure of the received signal.
- set is arbltrary A particular spectral weighting

approach is taken and the processing results are found
to be 1nadequate._ The search for substantially better
detectors, in particular for -those with optlmal features;, .

'_1s initiated. Aan outllne of future work is provided

in the'conclu51on.

ot - ) . N V ’ o . . (. '

- Nesenbergs, ‘M (1974), Ionospherlc sclntlllatlon as it

affects satellite communication - Part III: Scin- =~
tillation channel characterlzatlon and MPSK per-
formance estlmatlon, OT ™ 74 190 (11m1ted avallablllty).

This memorandum is concerned wzth sclntlllatlon

- effects on digital multiple phase shift keylng (MPSK)

¢hannels in .the’ presence of additive. Gaussian noise.

.'The basic channel statistics, such as the correlatlon -
bandwidth and .related spreads, are introduced first.
‘Later, the function of the demodulator is reviewed and .

' the most popular digital performance 1ndex, the =~ .17
 bit error probablllty (P }r is pursued. -A partlcglar,-

L

approach, starting from Taylor series and- endlng

- in Gram-Charlier expansions, is elaborated in detall.
‘A number of_useful P expan51ons are given.- ;”he

‘cholce of a preferred.expan51on depends on ex15t1nc L

< o -,_,¢
- - e

ot \ 05‘460 )

e L

4.



: knowledge of scintillation statistics, notably
the extent of the power delay density, the fading
character in the time-frequency domain (such as
flat-flat, or other), and the gross magnitudes of -
the intersymbol  interference moments at the
detector. The memorandum concludes with an over-

- view of the. general intersymbol interference case,
as it pertains to scintillation distortions on
satellite MPSK links. More realistic radio wave .

~ statistics are needed to estlmate the ‘modem perfor-
mance reliably.

108, Nesenbergs, M., R. H. Ott, and L. C. Walters (1972),
' - Performance of a coherent communlcatlon system with
pulsed 1nterference, oT T™ g9 (llmlted avallablllty).

The error probablllty and output 51gnal-to-nolse
- ratio performance of binary PSK and Manchester PSK
- -systems are derived and numerically evaluated in
- the presence of pulsed interference. The results
. are directly applicable to a coherent Colllslon Av01dance
System (CAS) .

109. Nesenbergs,-M. (1971), Optzmum receptlon of coded multlple
' - frequency keying in. presence of random variable phases,
IEEE - Trans. on Comm. Tech. COM-19, ‘No. 5, pp 707 ££.
-_'Wlde-band multlple frequency-shlft keyplng is perturbed
by random phases in’'the M>2 frequency ‘'slots. We consider
" 'a coded digital system, where the M phases can'be treated
. as mutually dependent random variables. If their joint :
.+ distribution is known, the optimur (maxlmum-llkellhood)
' receiver is shown to be in. general -—rery complicated:
- We show that there.are a few Phase distributions and
$s:.gnal toTnoise~-ratio extreres for which the optimum
_ receiver and its performance can be simply descrlbed.z_?
-0 »TE the. joint phase dlstrlbutlon is not known,:we give
'~ an appropriate minimax-<receiver with a guaranteed
performance. This performance is evaluated for orthogonal
coding, white Gaussian noise, and non-fading signals."
It is valid for all jOlnt phase dlstrlbutlons. -

A

1
-

110 Nesenbergs, M. (1970), A two-31gnal prlmer for Fourler analy51s.£
. of a random access communlcatlon system, ESSA TR ERL.. 178--";ﬂ
ITS 113 1 v i A .

The detectablllty parameter, i.e., the acqu151tlon s;gnal- : _
to-noise ratic is derived for an.elementary two- signal- mul=.
tiple access channel. The basic Fourler serles approach :
- AT : ST
55 Coe ;
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lrequires no approximatlons, and the methodology should be _
useful in a forthcoming rigorous: analy81s of a moré reallst1C'
random access satellite repeater._

The channel model consists of an ideal hard llmlter and
- Gaussian noise. Carrler phases are mutually independent
~and uniform over (0, 27).. The relative delays and fre-
quency deviations can be treated as deterministic or
. ‘as random varlables.. We ‘have .derived second order sta-
e tistics - (means- and: varlance) “for the word correlation T
' "¢;outputs.
-Three propertles that emer@e in the above two-signal case
and ‘may very well be valid in the general M signal case,
‘are following. First, reasonable frequency drifts-
- .and départures from a- true carrier do not seem to increase
the distortion variance in a drastic fashion. The same
~.conclusion appears to be valid for slow message FM or PM.
- Second, the variance of the correlator outputs contains a
. substantial term that is entirely independent of cross-_r
.modulations for the assumed 0 to = modulations: " Third,"
- waveform and coding departures from orthogonality do not -~
. necessarily affect. the—detectablrlty parameter by robustly
;scallng down the 51gnal nmean. \' . .
111 Norton, ‘K. A. (1965), Effects of tropospherlc refractlon
'in earth~space links (1965), in. ‘Progress -in Radio .
Science 1960-1963, 2, ed. F. du Castel,/186 210 )
(Elsevmer, New York). - i o L

. Methods are flrst glven fOr predlctlng the expected
- values of the bendlng and ‘the electrical path length
.. of radio waves.in propagatlon between the: surface and
arbltrary heights in the troposphere for radio waves -
leaving the surface at specified angles of elevation.
Variances of these predlcted values are' also given.
_Comparlsons of the predicted with' ,the .observed values.
of both the bendlng and 1ts varlance show excellent
agreement. . : L . .
-An exten51ve analy51s is: g1ven of the spectrum of the
. variations of both" electrlcal path length and-range .
; rate with time. The reglons of applicability of geo-
> ' metrical and wave optics are outllned..oA discussion
: is given.of the correlation of the variations in elec~
- trical path 1engths for different.radio frequenc1es. -
Formulas are given for the influence of antenna aper- - -
tures and path 1length: on’ the spectrum of both path '
~length and range rate. : . .
R R . ‘\ - . . e
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56




112 Ott, R. H. (1975), A numerlcal method for generatlng earth

»L113‘

U.S. Postal Service Report, May, NTIS Access. No. PB 252 688.

An 1nd1catlon is given of appllcatlons of these results

_to radid guidance systems and standard frequency dis-
semlnatlon.‘ _

X : : P

coverage footprints: from geostationary antennas,

An algorlthm is descrlbed for generating earth

coverage footprlnts on a microfilm output from

geostationary satellite antennas. A separate"

algorithm for determining whether given stations are

included 'in or eéxcluded from a partlcular footprint

is described. - The antenna beam can be elliptic. R

in cross-section with an arbltrary ‘orientation of. e
semi~minor and semi-major axes. Several examples of I
the use of the algcrlthms are presented. N X

s

ott, R H. (1975),vBandw1dth limitations in EM transm1551on

imposed by clear air: turbulence, 1975 IEEE International

.Conference on Communlcatlons (ICC '75), San Francisco, CA.;
.VfJune l6- 18 IEEE Cat #75—CH—0971-2 CSCE, 15/6-15/9 a

S

‘fisA solutlon of the-approprlate parabollc wave equatlon is - .
. used to-derive the transfer function :for a medium charac- )
.terlzed by a complex random refractive index with Gaus-

'slan statistics and a non~zero complex mean. We compute
‘its mean and its two—frequency correlation function.

The .statistics are shown to depend on the’ temperature B
. spectra of the random meédia.. The results: for the two- "~
frequency correlation function: indicate that closge to. _
‘sea- level the oxygen spectrum (frequency dependefit part

of refractive index) ‘does not limit “the bandWLdth of a
-channel in the 50 GEz to 70 GHz range. That is, the
“bandwidth in this -frequency range is only limited by the
static (frequency' independent) refractlve 1ndex.'

a

114. Ott, R. H. (1974), Ionospherlc sc1nt111atlon as- 1t affects
 satellite communication - Part-II: A transfer’

function for ionospheric sclntlllatlons, OT-Tech. Memo. 74-
187 (llmlted avallablllty) o : L R

g e

The Born approx1matlon is used to derlve a general
“expression for a radio wave. pass1ng throuch a
‘random medium. The medium is characterized by a
-~ random index of refraction. An explicit transfer

functlon 1s derlved using the Fremouw and Ran

‘57
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' model for the index of refraction. The bandwidth
- of the channel is derived in terms of the variance .
of the index of refraction. o

'115. Rice, P. L., and N.' R. Holmberg (1973), Cumilative ‘time
©° statistics of surface-point rainfall rates, IEEE Trans.
on Comm. 21, No:. 10, pp. 1131-1136. T )

. - s - . .- Tia .
woeeee———Statistics-on ‘rainfall rates near and ‘above the earth's
R surface are needed in:order to estimate the percentage
-~ . of time of absorption, or -scattering of radio waves that
' . affect radio system design and electrospace management.:
The most useful averaging time for computing such rates
is on the order of 1 min or less. This .paper extrapo-
~ - lates excessive short-duration Precipitation data to .

- L provide such statistics from data routinely reported by.

' the National Weather Service.- For the 8766 h in an oo
average year, and for a median or random location in any. -
part of the world, the model described here estimates :

. the fraction of time during which 5-minute average rain-

-fall rates. exceed any given value. -

Ve

116. Samson, C. A. (1976) ’ RgfractiVitY and rainfall data £ ~ adio .:‘.: |
' systems engineering, OT Report 76-105. . G

Information on refractivity gradieénts and rainfall rates
is provided-.for application to.the plannirng and engineer-—
.ing of microwave line-of-sight radio systems. ‘The -100-m
'refractivity gradients calculated from radiosonde.:obser-
vations at 15 U.S. and 49.foreign stationsare presented
in ‘the fofm of an indication of the diurnal variability
of the gradients, separate distributions are shown for
each of two daily observations at 29 stations, and for
four daily observations at 4 stations. Point rainfall
rate distributions, based on recording rain gage statis-
tics, are given for 29 stations in various climatic areas
~.~of the world, including 8 locations in the U.S. .

,v1i7ﬁkséﬁsqn,.é.'A. {1975),,Atmoépheric considerations in radio
< .~ system engineering at 10.to 30 GHz, OT Report 75-66.

- The effects of the atmosphere on radio propagation at
- frequencies of 10 GHz to.30 GHz include attenuation and
: depolarization by precipitation, absorption by-'water vapor -
and oxygen, and multipath fading related to refracti--

- vity gradients in stratified layers. -Information is —
- presented on the probable magnitude of the various weather-

related effects, considering the differences in radio TN

~

! -
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‘frequency, geographical 1ocation, and climate., The /"//

‘Iimitations of climatological data are discussed, as o7
well ‘as methods of using the avallable data in system
engineering. o . ‘

118. sSeitz, N. B.,,and P M McManamon (1976), Performance.meaw !

‘sures for digital. communlcatlon services, Busxness Comm. \\
ReV., MaICh-APrll, 26 33. .- < .

. 81x general crlterla have been proposed for descrlblng
o digital communications system performance: accessibility,
‘accuracy, efficiency, reliability, security, and trans- .
parency. Specific performance’ parameters have been pro-
posed for- the flrst four: crlterla. SE I TR SR
The suggested measures clearly are: not 1deal" from
the standpoint of" the'"desired attributes" deflned. _
Nevertheless, they - do prov1de communications users with
a practical means of expresszng ‘their communication
*///needs, compating service alternatives and monltorlng
. delivered performance. The utlllty and precision of -
_ " the sudgested measures will increase as they evolve in
hg~j_response to the stresSes of ‘actual use. S -

~

119. Smith, D;,'and F. G. Klmmett (1975)[ Measurement of interference.
- effects between TDM-FM and FDM-FM microwave systems, -

LS

. OT Tech. Memo.‘75 194 (llmlted avallablllty)

Follow;ng the allgnment and- tunlng of an analog FM ‘
microwave radio to handle a 12.6 Mb/s, 3-level partial
response base-band, the effects of various types of -
interference on system performance were investigated.. &
Since TDM-FM and FDM-FM microwave systems will ‘be opera- .=
ting in the same - frequency band, the mutual interference -
‘effects were investigated to determine the de;réegpf :
-degradataon of system performance for each. type o o
transmission.  Bit-error-rate and orderwire signal-
to-noise ratio were used as indices of TDM-FM system,
performance, and noise pow&r ratio was used as the -
index for the FDM-FM system evaluation. These measure- - _
ments indicate that the TDM-FM system can operate at
"higher interference levels than the FDM-FM system when
subjected to TDM-FM 1nterference... :

LE Al
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' 120. Smith, E. K. (1975), Radio wave propagatlon in the 1onosphere -
s .1972-1974 oT Tech Memo. 75-197 (llmlted avallabllltY)

o Thls survey of publlshed 11terature has been prepared '
. at the request of'Prof. Chalmers Sdmhrist, Editor ‘ L
‘Commission III, URSI Triennial Rep .~Ionospheric
propagation is treated by f£requenc LF-VLF LF-MF, .
HF,. and VEF on up) and also by topic™e.g., Ionospherlc;
sc1ntlllatlon, 1onospher1c modlflcatlon, an&"theory)

~

121. Smlth, E K., (1974), A study of 1on03pher1c sc1nt111at10n
: as it aﬂfects satellite communlcatlon - Part I:
~-;_.Ge0phy51cal Aspects, OT ‘TM 74 186 (llmlted avallablllt_‘{)

- -This study concerns 1on05pher1c sclntlllatlon as
it affects satellite communications between about. -

_'100 MEHz and 30 GHz. It is divided into three: parts.

. The flrst part reviews the pertinent physics and

.. suggests some boundaries and values for some of the
critical geophy51cal parameters needed to make
communications estimates.' The second part. 1scconcerned
with the derivation of the channel transfer .function
based on the suggested parameters from Part 1. B
The third part develops the relations necessary = ..
to assess the effect of 1onospher1c scintillation '
on typical satellite modulations and bit.rates. .

122. Snlder, J. B. (1968), A;proposed program for +he study of
g atmospheric attenuation of satelllte signale, ESSA
'ATechnlcal Report RL 62—WPL 1.

The theory of absorption and-emisgion of racdio frequency
.energy by atmospheric constituents is reviewed. ' Theoret-
ical limitations-and- the. problem .0f predicting atmospheric
effects upon satellite communications systems-are dis-
cussed. A program-is outlined to 1nvest1gate experi-
mentally atmospherlc\absorptlon arid emission with em-
'phas1s placed. upon rainfall phenomena. using simultaneous
‘measurements of satellite—earth transmission loss: and
meteorologicdl. parameters, 1nclud1ng radar measurements

'of_preclpltatlon. . o

£l

123?- Spauldlng, A. D. (1976), Man-made noise: the problem and
. recommended steps toward solutlon, OT Report 76- 85.

'Man-made noise causes 1nterference Whlch is, qulte oftenl
the limiting factor in communlcatlons/electronlcs system
performance. This interference results in communication
systems being required to use excessive powers and/or
‘'spectrum space, thereby hamperlng the efficient utilization
of the limited spectrum resource. It is the purpose of

-
.. -
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© T4y make spec;flc‘recommendatlons as to necessary

5Programs "£for noise measurement, analysis,; - and model devel-

this report to specify tbe—"man-made noise problem" #n°

detail and recommend reguired remedlal actions. Specific— "

ally, the aim is to:
1) assess the adequacy of informatlon presently
available and being collected,
2) define and assess the adequacy of present abatement

medsures r

- 3) e specific recommendatlons on addltlonal required

abatement measures, and = . > L

4

~ additlonal research.

'This report concentrates on 1nc1dental radiation devices,

and m&kes recommendations as to required abatement measures
for these devices. General and specific examples of
degradatlon £o systems by man-made noise are given. "It

is shown that both technically and economlcally, further
suppre551on of automotive ignition noise at the manufac-
turing level is requlred., Means of achieving this re-
quired suppression are given. . Other dev1ces (e.g., power

.transmlss1on llnes) are also discussed. : .

- .

opment are summarized,; and recommendatlons for the attain-
ing of requlred additional information on the noise environ-
ments are given. In addition, the role that better infor-.
mation .on ‘the noise environment:should play in the proper
management-of the spectrum resource is covered : 1

‘Spaulding,. A. D. (1975), Effects of noise in. system-performance,

Reviéw of Radio Science, 1972- 1974, URSI Brussels, . -- °
Belgium, Z~_732 - *

This paper s a summary of advances worldwide for the.-
years 1972-1974 in determination of the effects of noise
and interference on system performance etc. This contri-
bution is combined with others in the noise area by the
URSI Commission VIII editor and appear as Commission VIII's
contribution to the URSI Trlennlal Review of Progress in

Radio Sc1ence. : "o Lo

-

125 Spauldlng, A. D., R. T. Dlsney,land A. G. Fubbard (1975),

Man-made radic noise,. Part II: Bibliography of measurement
data, appllcatlons, and measurement methods, OT Report. 75 -63.

‘The Office of Telecommunlcatlons, Institute. for Telecommu—

nication Sciences (OT/ITS), over the past several years,
has accumulated @ data base of man-made radio noise measure-
ments in the frequency range from 250 .kHz to 250 MHz taken . .

'in a number of geographical areas. Man-Made Radio Noise,

Part I (OT Report 74-38). glves‘the results of the . analy51s
of this base and provides estimates of. the’ man-made ‘noise

levels and characterlstlcs to be expected in typlcal locatlons.;

‘v
&
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.This part of the report (Part II) is a compllatlon of
. references relating to man-made radio noise. This biblio-

» . graphy is divided into five sections: Section I, Measurements
and Data; Section II, Appllcatlons to Systems and Mathema-
t1ca1 Modeling; Sectlon IIT, Measurement Experlemtns and

" Methods; . Section IV, General, and Section V, Atmospheric’ -
Radio NOlse. . 2
(]
126 Spauldlng, A. D., and D. Mlddleton (1975), Optlmum receptlon
R 1 R 3 o i 1mpu151ve‘1nterference env1ronment, oT" ‘Report 75-67.

Since communlcatlons systems are seldom interfered with by
classical white Gaussina noise, Middleton's recently
developed phy31cal-statlst1cal model of impulsive inter-
- ference is applled to real world communlcatlons channels.

The in 1mpuls1ve 1nterference models that have been St
prqposed to date-are summarized, and Mlddleton s model fﬁ
P is specified in some detail, ‘giving the- statistics required:
" .- for the solution of 51gn§l ‘détection problems. Excellent .
agreement of these. statlstlcs w1thvcorrespond1ng measured

b4

- statlstlcs is shown o L L _ _ : -
” .1d§1eton s model’ for narrow—band 1mpullsve 1nterferende'
ubset of the overall model) is applied to a class of
optimal 31gna1 detection problems. Optimum detection algor—
ithms are given for coherent. and incoherent binary detection.
"The three basic digital ‘signaling waveforms are considered:
i.e., antipodal, orthogonal, and ON-OFF keying. Performance
bounds are obtained for these signaling situations. Since it
is known that in order to gain significant 1mprovement over
current receivers, the number of independent samples of the -
received interference waveform must be large, the performance:
-results are given parametrically in *the number of samples, or
%gequlvalently, the time-bandwidth product._ Performance of
, the current suboptimum reéceivers is obtained and compared.
to the optlmum performance. It is shown that ‘substantial
sav1ngs 1n signal power and/or spectrum space can be. achieved.
. s .
Slnce phy51cal realization of the completely optimum detec—
tion algorithms cannot; in general, be economically obtained,’
T e " "the correspondlng locally optlmum or threshold receivers are
T derlved and their performance given. ! These threshold receiver
‘structures are canonical in nature in that their structuré is
1ndependent of the form of the interference. They are also
adaptive in that they must be able to adjust to the changing
A interference environment. - Locally optimum structures are |
.~ 4 . given here for coherent and incoherent detection Wlth
R ‘constant signal levels and varlous kinds of.fading. The case
‘ & in which phase estimation is used (partlally coherent reception)’

.« dis also con51dered. ] | o ~
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;-_127 Spauldlng, “A. D., and .. Disney- (1974), Man—made radlo n01se,"
Coe ., Part. I: 'Estimates for bus1ness, re51dent1al, and rural- :
e areas, OT Report 74-38. S CoTELT %,_wé_j-,.

‘gdji'.* mhe Offlce of Telecommunlcatlons, Instltute for Tele-'“',_ L
T - £fommunication Sciences (oT/1TS), over the past séyeral AR

. years, ‘has accumulated a data base of man-made radio e

© noise measur ts in the -frequency range from 250 kHz =" ..

. vthrough 250" akenvln a number of geographlcal areas. . . . .
+-This' data basg has been analyzed to provide estimates ' ‘
of the expected characferistics of man-made radio noise’

~in- bus1ness, ‘tesidential, and rural areas. . The" parameters
3used are the average available power spectral: dens1ty, the
S 1 ratiol of e rms to the average voltage of the noise
s ~envelope, and the ratio bf the rms to the average logarlthm
: SR of the envelope voltage. “The: variation of these parameters
as a, furiction of frequency,-iocatlon, and time are shown
L and . dlscussed. -Examples of amplltuoe and time statistigs
.- ... of ‘the received, man*made radio noise-grocess also are
o . shown and discussed. examples of ampXitude and time
R IStatlstlcs of the received man—made radio noise process
LA also are “shown. and discussed. . The use. of ‘the estimates
TR - Is shown: (pr1nc1pally by reﬁerences in . Part II, Blbllography)
- "in' the solution of- problems ‘encountered in frequency -

h _'u," .~management and telecommunlcatlon system des1gn.~
123 Spauldlng, A. D., L 'L._Proctor, ‘and A. F Barghausen IR
{(1973), DSCS Airborne earth termlnal - terrestrial =~ -

‘:f, o microwave measurements in the 7. '25-8.40 GHz Band,la'

L on Tech.‘gmmo. 73-143 (llmlted availability). i
The majorlty of" the 7 25 8 40 -GHz band has been allo—'

':cated, on a shared ba51s, to both satellite. communi-

; cations and fixed and mobile. terre: r;al communica-
* tions, primarily microwave radio rel ¥ systems. The -
Offlce of TeIecommunications, :Institute for Telecom-
muhication Sciences, has conducted tests to ‘assess the

~nature of the interaction between a prototype airborne
satellrte termlnal (AN/ASC~18) “and microwave radio .- - P
relay systems (FAA RML-4'links). . This report presents s L
* the me&surement procedures and results of those testS':;¥§;.~-f‘

-under actual operatlng condltlons. ;}. o ,- ;f;“_

,lZQ;fSples, x.'p., and E. J. Haakinsox (1977), Calculatlon ‘of :
L /geostatldparn satellite footprints for certain-idealized -
o :‘antennas, ‘proposed-as an OT Report (1n preparatlon)

.f’;' Thls report descrlbes 'ethods for calculatlng, under

. . . Of constant power density) for. 1deallzed models ‘of
o several common types of t*aﬁsmlttlng antennas (c1rcular




RS

'aperture, elllptlcal aperture, rectangular aperture,”
; and helical ‘antennas), and for antenna beams of specl—
fied but .rather arbltrary shape. The transmitter is:
',mounted on a satellite in a prescrlbed geostatlonary _
orbit and has: its maln-lobe ax1s directed tOWard a glven' )

_ alm p01nt on the earth.,p- .

—

-Formulas are flrst derlved for. calculatlng the 1nterseézz
tion .0of the earth with a 'ray emanatlng from a given '
geostatlonary satellite and having a prescrlbed direc—

. tion*in space. .- For each idealized antenna type, procedures
. ‘are next discussed for flndlng those directions in space
‘where the relative power density has a- spec1f1ed constant

- value; intersection formulas are then applied to locate
...+ . - the corresponding. footprint. rar-fleld patterns are
1v&;'f'approx1mated for aperture- antennas by. evaluatlngo‘ourler L
- - transforms of assuméd- aperture illumination dlstrlbutlons,'ﬁ
and for the helix by assuming it radiates in- the axial '« . -
ing to gross discrepancies between actual and ;. -
ideal side-lobe patterns, the analysis‘is conflned to the‘-
main lobe of 1deallzed antenna models. e

*F. Van Horn (1975), A blbllography of
agation in the radio spectrum from
\eport 75= 57. :
References are presented on the subject of recent (1971
- to mid-1974) work on radio propagation through the at-
mosphere at frequenéles from- 10 to 100 ‘GHz »*. The reﬁe-;.
erences.-are separated into six ‘major categories covering .
L _propagatlon through precipitation, multipa¢h propagation, .’
. = .. propagdtion through non<turbulent-clear and turbulent-
o clear: atmospheres, measurements/data and a. general B
category. - I T ST

130. Steele, F. XK., an
D a recent. work on pr
10 to 100 GHz, OT

131, Stewart, A C., L.%L. Haldle, ‘R.D. Jennlngs, ‘S Nurahata, and (vj
D. Vandermade (1976), Electromagnetlc compatlblllty : -
measurements an,ogna1y51s of systems in_the 1535-1660

- MEzZ, band,nUws. , . of Transport >ion. Report No. - - |

.ﬂ;~EAArEu>4%5—229,,;; : R ;j;;~y- _ ST

-r

f Laboratory measurements and a statlstlcal ana1y51s were

- 2 made to determine the electromagnetlc compatlbrllty of -

©e T systemsioccupying or proposed to - oeccupy. the: frequency | .

: . spectrum from 1535 to 1660 MHZ. Three proposed c011151on

w A avoidance- systems, five radar altlmeters,'and a’ simulated.

" .satellite communication system were- measured._ The: resultse
obtalned in the measuTfement program. vere: coﬁblned with' /.
T an- estlmate '0f the aircraft population that’ mlght Be ‘
AR _.,expected in the year 1982 in the Los Angeles ‘Basin to |
‘ produce a statlstlcal model. This model; and. computatlons-'v-
of worst case scenarlos 1nvolv1ng two a1rcraft were used

- . i
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132..Tary, J. J.j R. R. Bergman, and G. D Glerhart (1971), GOES

- s
«a

_/‘.

to determlne the pOSSlbllltY of altlmeter 1nterférénce to"
-other systems in an operatiocn env1r0nment.¢ It was concluded

- that"the altimeters will cause 1ntvrference to systems i

proposed to operaxe 1n the band

. .lhr.‘.‘

\\/ -
¢

telecommunlcatlon study - 1971, OT TM 64 (llmlted avalyablllty)._

a telecommunlcatlon study For the GOES/QMS satelllte "’f='{s‘1*
«system._ The effects of propagatlon phenomena, radio .-. ..
frequency 1nterference, and noise for the 400 MHzZ communl—*‘-”"”

'catlon system llnk performance are con51dered

c

133, Thayer, G. D., and B R Bean (19q2), An analy51s of atmos-.ﬂ'f'
' pheric refraction errors of ‘Phase measuring radlo tracklng9.

systems~~Part I: An analysis of the refraction errors - . -

to be expected in a horzontally homogeneous atmosphere :

P A

,L3\_4’ :

;;Trans. Ant Prop. AP- 23 No. 6, 792 ~-797.

Report 7254, NTIS Access. No. AD: 292 046.

_-and a method for their systematic correction, NBS . - ‘1V

Tn Part I of thlS report the atmospherlc refractlon errors_-_~
experienced. by phase-measuring radlofbasellne tracklng :
'Systems are examined, 'and a gerieral method for their - IR
' correction is. presented-, The .correction method cons1sts ‘
of a system of linear equations that are to be used’ to' o

predlct the most likely walue of the range error.

. .experienced at each antenna location of . the system,g"i

as ‘a fucntion of the surface value of refractlve

index~ -

* and the. target,range and helght. The correction method'- -

~yields reSLdual rms range errors. of only 1% +to 3% of, the. .
uncorrected values, +and: the. method is. sultable for. reaI- IR
_time use if, desired. The correction method is applled to _ "/f.
some -limited ‘experiemtnal data, and the ‘comparison is found

‘to be satisfactory. Possible limitations on the

use of -

-the correction method are discussed,. and extensive tableSwf”-;
‘are given in an Appendlx_whlch serve to deflne the system '

of equatlons used for the correctlons.. -,
. o

In Part ;I.of thlS report the effects of horlzontal\gra-f

J- P K4
A -
A

dients, of the . refractive index on. long—basellne tracklng

systems are investidgated briefly and the results

are

compared with. the. predlctlons supplled by the correction

method derived in Part I. The comparlson is found to be

acceptable.

S N
Thompson, M C., L E. Wood, H.B. Janes, a D. Smith

and- amplltude sc1ntlllatlons in the l to 40, GHz

',L‘Slmultane/ps measurements of phase and amplltude
7 were made

9255, 19.1, .22.2, 25. 4, and 33.3 GHz. The three
' quenc1es ‘were chosen for thelr relatlon to water

on a 64 ‘km slant’ path using five radio

..
X . t.-

(1975), Phase

band, IEEE

varlablllty .
frequencaes(
mlddle fre- :
vapor absorptlon.
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5135 Ehompson, M. C., Jr. (l973), A rev1ew of. propagatléillnformatrbn
" needed for- the effectlve use of- éhe l to 40-GHz band,‘ _T :

ﬁﬁwater vapor.‘gpjlz__ﬂ, S S Lz

.f..°

.'.‘,." o .‘ B . .. ,}‘

"»The amplltude dat sho occa51onal Fades in: excess of - 20 dB ;W_

vsuperlmposec% on uba.qu:.tous smaller: sc:Lnt:LllatJ.ons of. several

,f'-declbels. .The latter. generally increased with radio frequency
- and - the fluctuatlons at the different frequencies’ were only :
- moderately correlated (e.g., <0.7). . Nelther phase nor amplltude

variability -shows. effects on: the molSFular resonance of . /-‘{-

I
4.

OT Eeport 71-30.,-_ w-‘, e R ‘ ‘J ‘54‘171

An 1nqu1ry was sent out to 60 persons engaged in researchq
engineering, or system.appllcatlons ‘in the 1-.to. 40-GHz
band.” This report summarizes  the" propagatlon—related
roblems 1dent1f1ed by these people and alse indicates. .
/wh work is being done - tinrOV1de addltﬁonal 1nformatlon e
%stem des:.gn.‘ : U LI

B R .
- s .

N

135. Thompson, M. C., Jr., L E. Wood, amd H. B Janes (1972),

N band, OT/ITS unpubllshed report-, SR

"f Perlods were: observed 1n Whlch all 81gna&s experlenced

Phase and fading. characterlstlcs in- the lO- to 40-GHz L

Slmultaneous measurements of phase and- amplltude varl-'_ﬂ LT
ablllty were made . on a 64-km" overwater slant path u51ngEQQ ST

. 5. radio frequencies: 9.5, 19.1, 22.2, 25.4,” and 33.3 . - -

GHz.,.The data show relatively-small differential time’ oA LT
- delay varlatlons over this 24-GHz spectral interval. . R
Amplltﬁde :'scintillations generally increased with radloﬁﬁgzv'
frequency- ‘and: the fluctuatlons at the different fre- S
quenc1e5'were not h;ghly correlated (e.g , <0. 7) ' 'ﬁ::;,.

-

rly s1multaneous fades of lO dB or, more.»rt ~ 45,‘

- | ' | T o
137 Thompson, M. C.7 Jr., 1. E Vogler, H. “B. Janes and L. ' ;lx)'

-

- ThlS paper dlscusses systems appllcatlons in- the lO— :,':2*}ﬁlh_’-
. tinent to ‘the ‘design of these systems,: and -reconmen- gﬁﬂf
‘~dations for future action. Cons1deratlon is'given to

- E. Wood (1972), A review of propagation factors in . . e

telecommunlcatlons appllcatrons of the lO— to lOO GHz
radlo sPectrum, OT Report 34, o . -

- -

“fo. lOO—GHz frequency ‘band, propagation factors per-

' the complementary roles of experiment -and analysis in - o

‘prov1d1ng the information necessary: for optlmum utili-
zatlon of EEF frequencmes. S .

™
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138 Thompson, M. c.knJr.,'andxH B ' Janes (1971), Effects of ‘sea .
reflection oR phase/of arrlval of dline-of-sight 51gnals, )
IEEE Tra . Ant Prop. 19, No l, lOS 108._ S .\ ’

(! . / _ ’

Contanudﬂ%-wave 81gnals at 9 6 GFz were propagated over _'

_a*9arkm overwater pPath .extending from an eleVation of
- .. .80.m 4’ 3000 m" ‘mearn 'sea‘level (msl)." Variations in |
“";;phasefofﬁa”fival 8f the signals recelved>by antennas |
- 'having 12 ~4nd"%5 beam widths were recorded 51multanJ~,-
eously. ’With the . nomlnal path elevatlon ‘angle of 1.2"

"ted from-thé sea surface, ‘whiIe the narrow-beam antenna

" largely discriminated. against such- reflections. - The .~ -

' < spectra cf-phase variatiohs for the two cases were com-—
...~ pared, and their coherency was computed. “The broad- '
'."beam $ignal-displayed consisténtly higher spectral -~ _ -

'ffiff;f7£the broad-beam: antenna-received contrlbutlon reflec-.fi««°r5f

Sdensity than &did. the,aarrow-beam signal over the fluctu-]}.

atlon frequency range from 0.1 Hz to the limit of the
sis at about 10 Hz. The.relatlvely large. effect

dlscussed..~,_ :n

;39i Thompson, M, C., Jr., and H. B. Janes . (1971), Sea multlpath

. effects on-microwave- range and veloc1ty measurements,,:
'_Gﬁ”'Symoos um.on: App.-of Atmos. Studles to Sat.-Trans.,*'“'”
h {”Boston, September 1969" ' L - €
Accuracy of mlcrowave systems for making ‘ slant range and
_velocity measurements is limited by random phase npoise
“contributed by the propagatlon medium. Most are caused

2 ;Vh—; éf ltlpath phase noise- on range rate measurements 1s»;.

.. by spatial and temporal variations in atmospheric refrac- e

‘:'tlve index along .the path. ‘For low elevation angles;:
o . -additional noise can result from signal components reflec
v, ted from earth or sea or from associated. low-level T
atmospherlo refractlve index grddiénts. Signals received '
simultaneously with two antennas. of- differing beam widths
one broad enough to pick up sea multlpath and the other a

’

narrow-beam antenna that excluded sea-reflected components.

*Lg~f 'Hultlpath could pose serlous problems for tracklng at Iow
RIS elevatlon angles. o B T UL /

-« ' s
. - . - -—

140 Thompson, M._C., Jr., and:H..B.fJanes (1970), Measurements
. .of phase-front distortion on an elevated llne-of—s1ght
.- path, IEEE Trans. Aerospace Electron. Sys. AES- 6,‘1. ‘

- No. '5,. pp. 645 656.;;_ o B S

7 .- -

'An experlmental study. has been made of phase-front | {;.W

"distortion in microwave signals sent over a slanted
;path.;nThlS dlstorclon is lmportant in systems invol~
" ving phase measurements between a ground station and

o . ‘. . s - . . . Te
. o _‘;___ N ) K ,.‘: . N 7 e

e D LT e e e s T

2

‘ / L



ot

-

eyt ) - s LR ° - - - . - . !
- LI Y - .2.. T [ . e . . .. I -. P )
) ,' .o ) oo Co- T . L .

S a mov1ng—upper termlnal. To insure path stablllty,v,u-;: R
2 N the upper terminal was simulated by ‘a series of moun~ . -~
T e - taintop antenna arrays. *Phase-front dlstortlon is .y Bi
‘ - analyzed in terms of time-variations in radio range on ,
. , a single path and in terms of first and second range .- -
- . ' differences between'pairs of paths. ‘The “créss corre—=:. <. .
lations  of pairs of ‘range and range difference records L
are discussed, and the strong dependence of correlatlon :
~ on. flucthation: frequency -is emphasized. Mountalntop
.terrain effects on_the sPatlal homogeneity of: the- ohase
" -front - are'found to. be- 1ns1gn1f1cant. Some of the. phase—:*
front statlstlcs are found to. be.weakly . dependent on ‘___.
tlme~of day and on w1nd veloczty at the lower termlnal._u

- . - PR
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al4l Thompson, M. C” (1969" Tropospherlc propagatlon effectS'{L
—u',\ “on .precise elec 'omagnetlc,measurement of dlstance,
37;“9“?V 1966-67 AGARD Conf.«Proc "No. 33, ‘Phase and. Frequency
SRR - Instabilitigs” in. Electromagnetlc Wave Propagatlon, '
71jg;’ Ankara, T key) Oct. pp.,613—627._ h,g- . e
gufThe qnestlon of phase stablilty of s1gnals propagated
~through’ the atmosphere has. become 1mportant recently: as
ey - . ‘MOYe; and’ more prec1szon is requlred from radio and
et =’:-‘";optlcal location’ systems. - In most -of these.. systems thef
Y- .~ basic operation con51sts of meabrtfng_the transit time -
T of a signal over the path ‘in gQueg hon. .. The -conversion.
"of this time intertval to distang equires’ knowledge .
of- the veloc1ty of the 31gnal through the nedlum.

-

f-The use of these technlques in terrestr1a1 geodesy has
' become well established during the past decade.. Several
' systems have heen- developed commercially and the effects
of atmospheric limitations on such. _Systems have been
¢1nvestlgated. ‘The same basic llmltatlons become 1mpor-
tant in missile and satellite tracking as greater pre-
c151on is. requlred in’ these appllcatlons. -

Slnce the propagatlon velocxty is a functlon of the depsaty
and comp051tlon of the atmosphere, the veloc1ty and . -
phase exhibit a wide spectrum of- time fluctuatlons. , -
These include certaln effects whlch are more -or ‘less:
systematic, such as diurnal apd se: sonal varlatlons.'””'
In many cases: these changes are hlghly correlated‘w1th
velocity, or refractive ihdéex,; measurements at one' - I . -
Oor more: “p01nts" in, the -general vicinity of the" path.thfﬁ-‘\;ﬁ
"In -such cases it is practical/te apply appropriate correc- - ..
tion methods and obtain quiteprecise {e.g.,- 1 in 10%) 5
" -~ distance: estlmates. In ~addition, atmospherlc turbulence A
+ results in random phase varlatlons .of a- 31gnal propa—‘"”“ :
. “gated through the atmosphere. ~Becauseé. of its random ﬁ'”"
lﬂnature,~thls component of;the varlatlon, often referfed v.ff;

“ S Sap
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' to as, phase nolse is: unpredlctable from moment to

: ; : iza-
tion. It becomes important then to study the magnitude

L) -
, .

moment and can. only be=pe5cr1bed 1n statlstlcal terms e}m

‘isva serious factor in their uti

and nature ‘of both the systematic and random atmospherlc

effects ‘and to examlne carefully- the. poss1b111t1es of . %x. -

maklng effectlve corrections -for ‘the- systematlc effectsg;

and. averag1ng~out the random -€ffects. In the folloW1ng;pﬁfﬁﬁ_
swe ‘Wwill - .describe some of the measurementﬁ;gphnrques and ooLoi

-discuss some of the results from field e

date.h._fg¢ B T, o _
N ﬂw;_,, o B T S

rimentSjto?~_;.
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142 Thompson, g, C., and: H. B Janes..(l°69), Effects of sea

- comput
" .highe
. over

,reflectlons on phase;of.'arrival of llne-of—51ght 51gnals,,;,f'
'*ERLTM-ITS 163 (llmlted avallablllty).“'* B L e

Continuous wave s1gnals at 9.6 GHz were . propagated over

- 'a .97-km over-water path extending from 80 miles to 3000A*
*,imlles above mean sea ‘level. - Variations in pHase of-_
'?',arr%val of the 51gnals recelved by ‘antennas having "
~. 1,27 -and 5° - beamwidths were: recorded: s1mu18aneous1yn

_w1th -a” nomlnal path elevatlon angle. of 1.27. . The
broadbeam antennga’ received a* contrlbutlon reflected

" from the- sea surface, while the narrow beam antenna-

w

larg»ly discriminated agalnst such reflections.

: The s ectra of phase varlatlons for the two cases: were

compared, ‘and the coherence bétween the phases was ~ -
. The broadbeam signal displayed. consistently .
spectral density than did the narrow beam signal
e fluctuation frequency range of from 0.1 Hz to
the llmlt of ‘the analy81s at about Lﬂsz.q-

143- Thompson, M. C., Jr., L. E. Wood, and H. B Janes’ (1969),

‘errors on'moving paths, ITS Technical Memorandum,

Use. of radlo-optlcal dispersion to ‘study radio range -

’

ERLTM<ITS 190 (llmlted avallablllty)

fSupported by data*taken over a 65-km slant path Wlwh%
- fixed terminals, this report suggests exp101tatlon\o the
- dispersion between radio and optical signals for. studylng~‘~»”
" the atmospherlc errors in radio .range measurements over
‘propagation. paths with a mowving- termlnal., Correlatlons »
- between the microwave* range. ‘variability and the mlcro—zuw R
'giwave—optlcal dlsper51on are heavily concentrated: near <
Junity. - The: v&riations of the dispersive range dlfference
very closely approx1mate the, correspondlng atmospherlc
‘.varlatlon on. the. mlcrowave range. , .
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. For: a number Of'Yéaré'Ehe Natipnai'Bureéﬁ_qffstaﬁﬁafdé' ‘
- ... - and, .since 1965, .the Environmental Science Services Admin-- . .
T T + _istration, has-Been studying experimental time-varying

[ errdrs_introddcedjby“thé5tropbspherejinimicrowavg'distancé
z : measurements,fespébially‘withffégard:tQ“ggoundéto—airépr'

) ’ground—to-space;systeméﬂinvolving_aircrafp,;miséiles,'. e
.- -7or satellites. . . These stidies have been based on measure— *
L ' .ments over fiXéd;;91anted-prqpagatidﬁfpaths,With&thefuppexle;
;-;fﬁ'[”f;gtgzminal;iocated_on'a'mountainA?QP- This arrangement ~ -
'ifﬁt-\f;xhas:permitted4long—term,;Continuouq,mé§3ﬁrements_oﬁ Je T

“.: . ‘apparéent range variations withﬁut;cbntaminating'thé"L_ B
data with real range changes introduced. by random motion: . . -

[ - B

a of“aniairborneAupperjﬁéiminal;jf,,,~<:.

. 144, ‘Thompson, 'M.” C.,  Jf., H. B.:Janés, and W. B. Grant “(1965), .
e T 'Study;bfiatmosphe:ic@erfdfs1ih7miCrowave;tracking R
Ty systems, NBS Report 9139.-. ., ..~ . R
.. /An experimental program was conducted to study further . _
' | . aspects of atmospheric effects on radio tracking systems. &
This .series included measurements near Boulder, Colorado, | -
.. and on the-island of Maui, Eawaii. Four specific poihts
.. wWere investigated: 1) effect of antenna aperture size on
range noise, 2) dependence of range difference'neise,onT';lrn"
. baseline length, 3). correlation of rarge variations with . "
“.*.r . radio refractive index obtained both from surface and L
: . airborne instruments, and ‘4) the use of auxiliary atmos-
. . - pheric properties to predict the expected noise level.,
- .= (from -atmospheric effects). 2all measurements were made
S mat 9.4 GHz. Antenna’ aperture size effect was found- to o
' .-be insignificant. Baseline length dependénce was determined
for baselines. ranging from 4.5 to 1653:4 meters. Generally -
poor correlations were found between range and surface o
. refractive index, but good correlation appeared between .
range index data. obtained from about- 1000 to 2300 meters-

s

(MSL) . No clear relationship. was fourd between.the level
of range noise and any of 't e- supplementary quantities
-~ measured during these experiments. o '

. . g - - - S o
145 . Thompson, M- C., Jr., and D. M. Waters (1958); Compari- - 3
. v-Son;of‘phase_difference and;quple;}shift;measuref o .
~ ments for studying. ionospheric fine structure using .
. earth.satellites; Proc. I.R.E. 46, No. 12, p. 1960:

SRS SR S 3 A : U

P

" In.using ‘signals from earth satellites- to'investigate. ap
-ionospheric fine structure, it would appear that at least _ -
two approaches -might be used. One is the technique of . - .
~measuring continuously the,phase‘difference,Qf_signalsfpg._ﬁh;“
. received over slightlyggiﬁferentspathsﬂ(spaéé”:eceiy@ngq;,ﬂyQ‘
antennas), and the second is that of examining the Dop— .. - .-
pler.shiftfch,theffrédﬁeqcyjqfwaQSing}eQsignalg“jTheﬁtj??i*"
basic.diffefenéeg*in"thg_twoltechniqﬁes are examined. - ji

el S hae 70, i
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146., Army Radlo Frequency Englneerlng Offlce, Offlce of

e the Chief Signal Officer (1958); Optimum ‘F encies
for Outer Space Communlcatlon,,unnumbered report, R
July: 1958, 30 pp. (principal contributors were
personnel of NBS CRPL, G//W Haydon et al.)

-

-g - The work summarlzes the frequency dependence of radlo ‘
propagatlon-and otﬁer technlcal factors which influence

7 ' . . “-outer space communications and provides a basis.for the o
-+ .- selection .of. freguencies for communication between earth
and a space vehlcle or- for communlcatlons,between space x

P - L -~ - - -
. . o TP

vehlcles..-». e Cor T MR o

EEERY -

L Communlcatlons be%ween earth and outer space 1s theoretlc-:
‘g~ ally_p0551ble in both  the. VHEF. and. UEF bands. .The upper'. -

B ~1imit is dependent upon tropospherlc condltlons and the* -
~Q*”1f’ lower~11m1t depends “upon. 1onospher1c .conditions. - The op-f"

' timum’ freguency, therefore, .is not. sharply deflned, but--

- is dependent ‘upon . geographic locatlon and time of operatlon.

.t L.t For communlcatlon for most-of the time. to most. any earth-.
%07 terminal location, -any frequency abdve 70-Mc/s may be

used., The .optimum freugency will depend upon the speciflc .

. communication service requlred and will be a - compromlse
between the maximum practical antenna- srze,_the minimum
beamwidth which wilil permlt acqulsltlon Or. tracklng and
radlo nozse ievels.vf;: . . o

1147 Utlaut,‘W.uF;'(1975), Rev1ew of 1mportaﬁ¢ problems in wave
: propagatlon affecting. future telecommunication ‘systems,

/‘u _performance,,Conference Proceedings, World Telecommuni-

£

:‘.

3.1.8.8. . L g

f;fRadlo propagatlon factors play an 1mportant role in’ de-»’
" termining telecommunlcatlon system -performance llmltatlons.

'This paper summarizes some of the radio- propagatlon factors,-f

"Nﬁy-“iabout which thereé is insufficient knowledgé in view of the

‘cations Forum, GeneVa, Sw1tzerland, October 1975, 3 1. 8 1---'

<0t

trends with which.telecommunication systems are developlng.».

¢ - These include ionospherig affects on earth-space communi-—- .
b catlons, tropospherrc radlo meteorology, ‘utrban and 1rreg—
s hlar terraiin environments ‘and“*ionospheric modification’” -
R resnltlng from hlgh power transmltters._e~-;f;¢f,n ,__‘;ﬁj?

Cieae ) e
3 3 -

;148 Utlaut,fW.g (1973), IonOSpherlc sc1nt111atlons' a’ potentlal
. , llmltatlon to.satellite: communlcatlons_f_lmportant unknown
5?,--3*ﬁfsc1ntlllatlon factors, American Instltute of- Aeronautlcs
and Astronautics 12th Ae;ospace Sciences Meetlng,

- .

ngg‘_Washlngton b.c., January 30 - February 1, Paper. Né \74 56.ga;'*

N

o TThe phenomenon of. 1onospher1dLscantlllatlons has long been.A

=. ‘observed by radio astrornomers and physicists. Their . - §°
. - - - - ¢ .
e observatlons have been valuable in descrlblng cenfaln '
e : R o '.'_’-'-{-r_'@;‘.'- . - o A
- A - R S :
- . . . 8 L ot
- » = S —
° \}; R - T
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aspects of the phenomenon. Questions for which they.~ -
. sought answers were not necessarily framed to provide
f' ‘adegquate information about sc1ntlilatlon effects for . ..

. today's satellite system designer. Factors needing better
.understandlng relative to scintillations 1nclude%§slgnal,;'
amplitude -and phase, time and frequency characteristics
iftrelation ‘to geographic- locatien and period in time: -
probablllty of occurrence,- degree of severity, geographlcal

. extent: of stintillation effects; relationship. of scintilia-

. tions to other. geophysical- phenomena, that may permlt R
'predlctlon capac1ty, and.others.-;.;{ K
7 . . . '

. 149. Vlolette, E. J (1974), Wldeband dlgltal communlcatlon 7“
L uRp v:satellltefgystem, OT Report 74- 50 : . :

- - -
- .

PR
IR LR

o

A W1deband dlgltal communlcatlons satelllte system )
. is investigated using a time-division, multlple-access S
- approach -to establish a2 high capaci natlonw1de - ]
network.. State-of-the-art bit-ratg capaczty is  * - -
. . .estimated for dlgltal -data transmission in the entire. ¢
;f\; - ffrequency‘bands of éach assumed frequency allo- '
cation in one geostatlonary orbltal slot. «
. . q ._-

lSQ . Vogler, L. E.; and S. F. Van Ho;n (1972){ Blbllography on
" ' . propagation effects from 10 ‘GHZ . to 1000 THz, OT. o :
L L Report‘30. - : 3 L o

o

~

.31-'A blbllography on electromagnetlc wave propagatlon over . _
' line~of~-sight paths through "the .troposphere at frequencies '
‘about 10 GHz.  The references are divided into three - :
main-categories covering the area of propagation thrdugh
non-turbulent clear atmosphere and prec1p1tatlon. . N
PR - )“‘1'

-

L1511, Welch, W. M; (1974), Intermodulatlon effects in- space-
‘ _ quallfled type traveIing-wave tubes, oT Report 74 55.
&F : .
Characteristics of" space—qpallfled travellng-ane tubes'
' are summarized. The nonlinear behavior of these tubes
} " is outlined, and the results of - ekperimental and . theoret- .
_ ical investigations’ of severdl . authors are,given. - . e
i ) Recent advances which will’ 1pfluence satelllte.communz—-'
' -'catlon s?stems are. dlscussed S é_ga;«-_- ,J

LLIS

SR ‘\9. w L e /, ) . o
“152;; Wells, P -T., D. A. Hill, A. G Longley, R. G. FltzGerre&l1-f““
o ' %. L. Haidle, and D. V.- Glen (1975), .An. experlment P

__¢e51gnofor the measurement oﬂlbulldlng attenuatlon,*
0T Technlcal Memorandum 75~ 199 (limited’ avallablllty)

. -.', . " g -
S An experlment has béen desrgned by the Offlceng
; uTelecommunloatlons, Institute for Telecommunication

. _\) v‘ .‘ “-'. . ,.\ - . '__.-:: . --.‘ .7 -«72 ) ) |
ERIC 7 T TR e
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[Sc1ences, to study the attenuatlon of ultraﬁhlgh B
- . frequency signals by’ bulldzngs. This program was . _
- : sponscred by the Lewis ‘Research Center of the. National
. Aeronautics and Space Administration and is a part
_ .- of a study to determine the feasibility of a future _
PP dlsaSter warnlng satelllte system.-va;'d;w ,-f’;»n . ST
"'Thls report ‘first dlscusses some’ prev1ous, rela
- -*research. and the results of some theoretical stadie’s

L e

¥ of thé.behavior 'of electromagnetic . signals ‘in, bUIIdLngs,_ifx.u

These are followed by a. descrlptlon of the’ recommended

experlment approach, the instrumentaion. system to’ be' used

. "~ . in the building-attenuation measuremtns~and the~ °

~:7.. measurement procedures, -and the ‘reduction of.the
"+ . building .attneuaticn data. .It is recommended that‘Ehe
.. ATS-§-sateklite be used -as'a s1gna1 source- for the -

_ubulldlng attenaution- measurements. - -Finally, ghe?;fﬁf ’

. .. - results of prellmlnary bulldlng attenuation measurements

S > are presented to show:the v1ab111ty of the recommended
"experlment approach. . TR _ ,¢J;

{‘

| -

153.. Wells, P I., and P V. Tryon (1976), The attenuatlon of
. UHF radlo 51gnals by houses, OT Report 76=98.

b &

Thls paper presents. the results of a measurement programr '

which was conducted to determine the attenuation of UHF
radio signals penetratlng to the ihside of a typical

" house. This program is part of a study to determine the
feasibility of using direct satellite communication to-
‘disseminate dlsaster warning messages.™~ The measurements

/. ¢ . were made in a manner to determine the building attenu-. - -,

ation as a. function of. frequency, constructlon type, . -

‘climate, and the elevatlon angle-t6 the 51gna1 source. .

-

Attenuatlon measurements were made in f;ve c1t1es.
Boulder, chorado, Duluth, Minnesota; Kansas City,
Missouri; Little Rock, Arkansas; and’ Houston, Texas. -
.. _The measurements were made at -three frequencies;. 860 MHz,
-+ - .71550 °'MHz, and 2569" MHz,~u51ng the ATS-6. geosynchronous
- sate;llte as a s1gnal source.%,Mbst measurements were_h
made.on two pr1nc1pa1 ‘house types; wood frame with' a
wood outside. surface- and a wood frame brlck veneer out*“
» Side surfaée. | Ce T , -

.‘_

‘A brlef descrlptlon of.the measurement program and an

ana{gsls of the measu_ement results are presented-j o
- . - e R . . i o ,




154. 'WestWater, E. R._(1967), An analy31s of the correctlon of range
N erikrs due to -atmospheric’ refrattion by microwave radlo-
metric techniques, ESS% TR IER 30—ITSA 30.;_".?- kS

R The accuracy’of systems whlch measure.rahge to m1551les .
E Y - or satellites’is llmlted.by atmospheric refractlon. The
© - .~ . MARCOR technique corrects for range errors due .to ‘the wet -
x ' component of atmospherlc refractloﬁ.by .using thermal ‘
’emasszon.measurements in: the-v1c1n1ty of the water vapor’
) D N resonant llne atr22 235 GHz.:s S R
. . _ —_
" . The. effect of reasonable estlmates of error in the MARCOR R
;g;process,-s evaluated and -given .in tablés. The analysis ‘
.1s based on-a limited sample of two meteorological.profiles, -
. 'though nothing in .the work: indicates that the results-‘ T
t-?gfwould be radlcally dlfferent for‘bther proflles“

~f:g;u:”p]Under the assumptlons of thls report, the MARCOR technzque
. -7. . further reduces the refractlon error already corrected by
. ~radiosonde’ datg by’ a factor of 1.5 to 3 for elevatlon angles
‘ greater than 3 .,vﬂ. . TR ;o ‘
e e ’ <=; e
155' Wood L. E-, and M C Thompson, Jr. (1970}, Osclllator synchro—
. ‘hization: V1a'sate111te,‘Radlo Sc1 5, No. 10’ -
<pp.,1249 12520 7 Y L T | ( L
A technlque is proposed for the synchronlzatron of 1dely_.'
. -separated microwave oscillators via-satellité transponder.
‘"7 As a result of calculations of the phase shifts over fhe _
- ‘paths, computatlon of expected 'signal-to-noise ratios;
' . . and .experiments on.a 15-km line-of-sight path, synchro— <
X'ﬁ - ’nization to within 0.05: cycle rms_forxlo-GHz oscillators ~ - -
/~”V B should be poss1b1e.-”; T , g
{

’156.,Zacharlsen, D. H.,iR T Dlsney, L. D. Sohultz, a. F. ‘« e g

B | Barghausen, and*R. J. Matheson (1971), Iﬁterference __YA' -
GoE compatibility mggltorlngrandcmeasurements ‘for UBF sat— - = -

ellite earth termlnals, OT TM. 69 (limited. avallablllty)

'T%Ehls report summarlzes ‘the work' performed for. the e
-3lj;Nat10nal "Environmental Satellite Services from June o
~ through September 1}971. Emissions. in two-UHF bands, ]
centered on 468; 825 and ‘1690 MHEz were- monltored ‘and - analyz
".'at four GOES system Data Utilization Stations (DUS) to ~_J I
.determine ‘the RFI/EMC environment..  The.data’collectio T
“technique and the measurement/mon;torlng System. 1nstru— '
"mentation are dlscussed.i Dlstrrbutlons and. tables show1ng e
diurnal. and geographzo var;ations -of sspectrum. usage in’ vV OUND O
the lower.-band are presented along with photographs'of

'.%t”’em1531ons observed ln the hlgher band.~

N . N . a - . . T )
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g.;f” 4 2 ;Subject LlstIng |

Tnls portion of" the blbllography contalns authors names,_;

dates, titles, and sources arranged by subject accordlng to .-

‘the follow1ng categorles_'Propagatlon-(1onospher1c sc1ntlllatlon,
absorptlon, and precipitat ion attenuation); Antenhas; Modulation’
and/or Sigral Des1gn (analog or «digital) ;. Electromagnetlc Inter- -
ference and Frequency Sharing; System De51gn, and .Noise. Wlthln -
each .category, the papers are listed in alphabetlcal ordér by .

~author. The ‘number at the left of each entry’ below refers to the

'citation number for each reference cited ‘beginning on page 7 of

- .. - X . ! .. . . .‘3

Propagatlon’;v T _' - : oo L “-fi - 3'.""'

_%0

~

o~

L 10a. Bean, B. R.,'andoE J. Dutton (1966),'Radio Meteorology,gh

11,

[

13.

B

Bean, B. R;) ‘and. G. D Thayer (1969),'Reply to a letter by
Robert H. Paul, IEEE Trans.-Aerospace and Electronlcs o
Systems,.March. , T :

.

i

NBS Monograph 95

3 z e

Bean, B.R., R.L. Abbott, and E R. Westwater (1963),_De31gn
of.experlments for :remote microwave probing -of "the atmos-
phere, NBS Report 7682 NTIS Access. No _AD 404 -207.

Bean, B. (ed.) (1960), CCIR Commlss1on 3: IonOSpherlc Radlobw

' Propagatlon, Rev1ew.of U.S.A. activity in the.fields of 'in-
-~ terest of URSI Comm1351on\3 durlng the trennium 1957~ 1959'

- 22.

[

PRI

4 - Satellite beacon studles. J Research NBS, Vol. 64D, .
Nov.-Dec. 1960, p. 630. o U ' : ;Hf "

Dutton, E.J+ ,. and H T. Dougherty (1973),_Mode11ng the e‘fects
of clouds and rain upon: satelllte— o—ground .Ssystem - performance,
OT Report 73 S..:-v_~ g:,» e - , e -

-

i 23.'bhtton, E J. (1971), -\ meteorologlcaf moael for use in- the if,

study of rainfall effects.on atmospherlc radio teﬁecommunl-"

.cations,’ OT Report 24.‘ - » ) : . :
Pt . . Co - 2 P

27 Glerhart, G D.,~and M.E. Johnson (1935), Computer rograms

"\ " for’ alr/ground propagation an 1nterference analy is (0.1 to -
J;f,ZO GHZ), FAA Report # FAA-RB 3 103:,.. R »mifi'\' "*
. 28 G1erhart, G D., and M E Johnson (1972), UHF Transm1551on .

a “loss estlmates for GOES, OT/TM 109‘ NTIS Access.ﬁvCOM 73 10339.
32 Glen, D. V., E. C Bolton,-J C Blalr, and P M McManamon (1976),-
! ‘Circuit status for multlple satelllte—hop user reactlon tests,
»'¥ OT Spec1al Publlcatlon 16~ 8“ ﬂ,% L e ,>~‘53~ ,,iﬁ
sy e N = R I 5(,‘ LR e B O :_"- © :ib-
45. Hartman, W J . (1966), Feas1b111ty of'communlcatlon w1th-a

e

satelllte by means of tro‘ospherlc scatter, IEEE Trans. '
Commun.\rechnol._COM—l4_Tﬁ .,3 25L. .- . .

iy . L N & .
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_(Propaéatroh (continued) P f ’ N -
'"47;-Partman, W-. J., and.M. T 'Decker (1962), Experlments for
feasibility stundy of tropospheric scattexr prdpagatlon o

between the earth and satellites, NES Report 7625,'_ . To-
NTIS Access No. : ED 414-200 or AD-414 771. S %

49 Hartman, W. J (1962), Feas1b111ty of.communlcatlon w1th ,f\
satellites” by means of tropospheric . scatter, NBS. Report _
* 7243, NITS Access. No. AD 405 801: - S R

60 _Herbstrelt, J. W.-(1962), Space telecommunlcatlons and the Tl
S Ceptral Radlo Propagatlon Laboratory, NBS Report 7268._ e

63 Herbstrelt, J W., and M. C. Thompson, Jr.‘(1958), .
Continuous phase difference measurements of earth ' : -
satellltes (letter),}Proc. IRE 46, No. 8, 1535. S

64 Flll D. -A..(l974), A survey ‘of. earth—to-satelllte propagatlon -

‘ factors between 2.5 and 275 GHz, OT Report 74-43. .
_ 65. Hubbard, R W. (1974), Measurement and prediction of blstatlc
}“i_- radio. scattering due to precipitation, Special Issue of
' Journal ‘de Recherches Atmospherlques. .

-

- \
¢ e

- 66 Hubbard, R. W., J. A. Hull, P L. " Rice, and P I. Wells o
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